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Introductory  Note^ 

'  I  ''HE  successful  education  of  the  man  in  the  shop  is  a  question 
of  vital  importance.  The  diflSculties  under  which  he  toils 
in  his  struggle  for  advancement,  and  his  daily  labor,  render  im- 
possible the  usual  means  of  education,  and  prevent  the  attending 
of  a  resident  technical  school.  Probably  the  most  successful 
substitute  for  such  a  school  is  the  correspondence  mettod  of  in- 
struction. Thousands  of  mechanics  are  improving  their  conditions 
by  devoting  a  half  hour  each  day  in  systematic  study  under  the 
direction  of  men  who  have  had  long  experience  in  teaching,  and 
in  practical  shop  work.  There  are,  however,  many  who  cannot 
afford  the  time  and  expense  necessary  for  even  a  correspondence 
school  course.  For  such  the  Cyclopedia  of  Modern  Shop  Practice 
is  prepared. 

^  This  Cyclopedia  is  compiled  from  the  most  practical  and  most 
valuable  Instruction  Papers  of  the  American  School  of  Correspon- 
dence. These  Instruction  Papers  have  been  prepared  especially 
for  home  study  and  are  intended  primarily  for  such  work.  As 
their  extended  use  in  the  American  School  of  Correspondence  has 
proved  them  to  be  of  great  practical  value,  and  a  successful  means 
of  instruction,  they  form  a  reliable  treatise  on  the  subject  of  shop 
practice. 

'A*  The  correspondence  student  needs  a  thoroughly  technical  work 
free  from  superfluous  theory;  in  like  manner  the  reader  of  the 
Cyclopedia  must  have  the  necessary  theories  carefully  explained, 
and  the  results  of  practical  experience  clearly  pointed  out.  By 
giving  the  best  material  on  shop  practice  to  the  busy  man  in  the 
shop,  the  editors  hope  that  he  will  achieve  the  success  that  results 
from  a  combined  knowledge  of  theory  and  practice. 
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The  subject  of  mechanical  drawing  is  of  great  interest  and 
importance  to  all  mechanics  and  engineers.  Drawing  is  the 
method  used  to  show  graphically  the  small  details  of  machinery; 
it  is  the  language  by  which  the  designer  speaks  to  the  workman; 
it  is  the  most  graphical  way  to  place  ideas  and  calculations  on 
record.  Working  dmwings  take  the  place  of  lengthy  explana- 
tions, either  written  or  verbal.  A  brief  inspection  of  an  accurate, 
well-executed  drawing  gives  a  better  idea  of  a  machine  than  a 
large  amount  of  verbal  description.  The  better  and  more  clearly 
a  drawing  is  made,  the  more  intelligently  the  workman  can  com- 
prehend the  ideas  of  the  designer.  A  thorough  training  in  this 
important  subject  is  necessary  to  the  success  of  everyone  engaged 
in  mechanical  work.  The  success  of  a  draftsman  depends  to  some 
extent  upon  the  quality  of  his  instruments  and  materials.  Begin- 
ners frequently  purchase  a  cheap  grade  of  instruments.  After 
they  have  become  expert  and  have  learned  to  take  care  of  their 
instruments  they  discard  them  for  those  of  better  construction  and 
finish.  This  plan  has  its  advantages,  but  to  do  the  best  work, 
strong,  well-made  and  finely  finished  instruments  are  necessary. 

INSTRU/IENTS  AND  ilATERlALS. 

DrawiniT  l^per.  In  selecting  drawing  paper,  the  first  thing 
to  be  considered  is  the  kind  of  paper  most  suitable  for  the  pro- 
posed work.  For  shop  drawings,  a  manilla  paper  is  frequently 
used,  on  account  of  its  toughness  and  strength,  because  the  draw- 
ing is  likely  to  be  subjected  to  considerable  hard  usage.  If  a 
finished  drawing  is  to  be  made,  the  best  white  drawing  paper 
should  be  obtained,  so  that  the  drawing  will  not  fade  or  become 
discolored  with  age.  A  good  drawing  paper  should  be  strong, 
have  uniform  thickness  and  sui-face,  should  stretch  evenly,  and 
should  neither  repel  nor  absorb  liquids.  It  should  also  allow  con- 
siderable erasing  without  spoiling  the  surface,  and  it  should  lie 
smooth  when  stretched  or  when  ink  or  colors  are  used.     It  is,  of 
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course,  impossible  to  find  all  of  these  qualities  in  any  one  paper, 
as  for  instance  great  strength  cannot  be  combined  with  fine 
surface. 

In  selecting  a  drawing  paper  the  kind  should  be  chosen 
which  combines  the  greatest  number  of  these  qualities  for  the 
given  work.  Of  the  better  class  Whatman's  are  considered  by 
far  the  best.  This  paper  is  made  in  three  grades;  the  Ju>t 
pressed  has  a  smooth  surface  and  is  especially  adapted  for  pencil 
and  very  fine  line  drawing,  the  cold  pressed  is  rougher  than 
the  hot  pressed,  has  a  finely  grained  surface  and  is  more  suit- 
able for  water  color  drawing  ;  the  rough  is  used  for  tinting.  The 
cold  pressed  does  not  take  ink  as  well  as  the  hot  pressed,  but 
erasures  do  not  show  as  much  on  it,  and  it  is  better  for  general 
work.  There  is  but  little  difference  in  the  two  sides  of  Whatman's 
paper,  and  either  can  be  used.  This  paper  comes  in  sheets  of 
standard  sizes  as  follows :  — 

Cap,  13  X  17  inches.  Elephant,  23  X  28  inches. 

Demy,  16  X  20     *'  Columbia,  23  X  84     *• 

Medium,  17  X  22     "  Atlas,  26  X  34     ** 

Royal,  19  X  24     **  Double  Elephant,  27  X  40     " 

Super-Royal,  19  X  27     *'  Antiquarian,  31 X  53     *' 

Imperial,  22  X  30     **  Emperor,  48  X  68     " 

The  usual  method  of  fastening  paper  to  a  drawing  board  is  by 
means  of  thumb  tacks  or  small  one-ounce  copper  or  iron  tacks. 
In  fastening  the  paper  by  tliis  method  first  fasten  the  upper  left 
hand  corner  and  then  the  lower  right  pulling  the  paper  taut.  The 
other  two  corners  are  then  fastened,  and  sufficient  number  of  tacks 
are  placed  along  the  edges  to  make  the  paper  lie  smoothly.  For 
very  fine  work  the  paper  is  usually  stretched  and  glued  to  the 
board.  To  do  this  the  edges  of  the  paper  are  first  turned  up  all 
the  way  round,  the  margin  being  at  least  one  inch.  The  whole 
surface  of  the  paper  included  between  these  turned  up  edges  is 
then  moistened  by  means  of  a  sponge  or  soft  cloth  and  paste  or 
glue  is  spread  on  the  turned  up  edges.  After  removing  all  the 
surplus  water  on  the  paper,  the  edges  are  pressed  down  on  the 
board,  commencing  at  one  corner.  During  this  process  of  laying 
down  the  edges,  the  paper  should  be  stretched  slightly  by  pulling 
the  edges  towards  the  edges  of  the  drawing  board.  The  drawing 
board  is  then  placed  horizontally  and  left  to  dry.  After  the  paper 
has  become  dry  it  will  be  found  to  be  as  smooth  and  tight  as  a 
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drum  head.     If,  in  stretching,  the  paper  is  stretctied  too  much  it 
is  likely  to  split  in  drying.     A  slight  stretch  b  suffiGient. 

Drawing  Board.  The  size  of  the  drawing  board  de[}en()B 
apoh  the  size  of  paper.  Many  draftsmen,  however,  have  several 
boards  of  various  sizes,  Bd  they  are  veiy  convenient.  The  draw- 
ing board  is  usually  made  of  soft  pine,  which  should  be  well  sea- 
soned and  straight  grained.  The  grain  should  run  lengthwise  of 
the  board,  and  at  the  two  ends  there  should  be  pieces  about  1|  or 
2  inches  wide  fastened  to  the  board  by  nuils  or  screws.  These 
end  pieces  should  be  pei'fectly  stmighb  for  accuracy  in  using  the 
T-square.      Frequently  the  end  pieces  are  fastened  by  a  glued 
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matched  joint,  nails  and  screws  being  also  used.  Two  cleats  on 
the  bottom  extending  the  whole  width  of  the  board,  will  i-educe 
the  tendency  to  warp,  and  make  the  board  easier  to  move  as  they 
raise  it  from  the  table. 

Thumb  Tacks.  Thumb  tacks  are  used  for  fastening  the 
paper  to  the  drawing  board.  They  are  usually  made  of  steel 
either  pressed  into  shape,  as  in  the  cheaper  grades,  or  made  with  a 
head  of  German  silver  with  the  point  sci*ewed  and  riveted  to  it. 
They  are  made  in  vanous  sizes  and  are  very  convenient  as  they 
can  be  easily  removed  from  the  board.     For  most  work  however. 
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draftsmen  use  sm<^ll  one-ounce  copper  or  iron  tacks,  as  they  can  be 
forced  flush  with  the  drawing  paper,  thus  offering  no  obstruction 
to  the  T-square.  They  also  possess  the  advantiige  of  cheapness. 
Pencils.  In  pencilling  a  drawing  the  lines  should  be  very 
fine  and  light.  To  obtain  these  light  lines  a  hard  lead  pencil  must 
be  used.  Lead  pencils  are  graded  according  to  their  haitiness, 
and  are  numbered  by  using  the  letter  H.  In  gcnei-al  a  lead  pencil 
of  5H  (or  HHHHH)  or  6H  should  be  used.    A  softer  pencil,  4H, 

is  better  for  making  lettera,  figures  and 
points.  A  hard  lead  pencil  should  be 
sharpened  as  shown  in  Fig.  1 .  The  wood 
is  cut  away  so  that  about  J  or  |  inch 
of  lead  projects.  The  lead  can  then  be 
sharpened  to  a  chisel  edge  by  rubbing  it 
against  a  bit  of  sand  paper  or  a  fine  file* 
It  should  be  ground  to  a  chisel  edge  and 
the  corners  slightly  rounded.  In  making 
the  sti-aight  lines  the  chisel  edge  should 
be  used  by  placing  it  against  the  Tnsquare 
or  triangle,  and  because  of  the  chisel  edge 
the  lead  will  remain  sharp  much  longer  than  if  sharpened  to  a  point. 
This  chisel  edge  enables  the  draftsman  to  draw  a  fine  line  exactly 
through  a  given  point.  If  the  drawing  is  not  to  be  inked,  but  is 
made  for  tracing  or  for  rough  usage  in  the  shop,  a  softer  pencil, 
3H  or  4H,  may  be  used,  as  the  lines  will  then  be  somewhat  thicker 
and  heavier.  The  lead  for  compasses  may  also  be  sharpened  to  a 
point  although  some  draftsmen  prefer  to  use  a  chisel  edge  in  the 
compasses  as  well  as  for  the  pencil. 

In  using  a  very  hard  lead  pencil,  the  chisel  edge  will  make  a 
deep  depression  in  the  paper  if  much  pressure  is  put  on  the  pencil. 
As  this  depression  cannot  be  erased  it  is  much  better  to  press 
lightly  on  the  pencil. 

Erasers.  In  making  drawings,  but  little  erasing  should  be 
necessaiy.  However,  in  case  this  is  necessary,  a  soft  rubber 
should  be  used.  In  erasing  a  line  or  letter,  great  care  must  be 
exercised  or  the  surrounding  work  will  also  become  erased.  To 
prevent  this,  some  draftsmen  cut  a  slit  about  3  inches  long  and 
^  to  ^  inch  wide  in  a  card  as  shown  in  Fig.  8.     The  card  is  then 
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placed  over  the  work  and  the  line  erased  without  erasing  the  lest 
of  the  drawing.  An  erasing  shield  of  a  form  similar  to  that  shown 
in  Fig.  3  is  very  convenient,  especially  in  erasing  letteis.  It  is 
made  of  tliin  sheet  met:il  and  is  clean  and  durable. 

For  cleaning  drawings,  a  sponge  rubber  may  be  used.     Bread 
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Fig.  2. 


Fig.  3. 


crumbs  are  also  used  for  this  purpose.  To  clean  the  drawing 
scatter  dry  bread  crumbs  over  it  and  rub  them  on  the  surface 
with  the  hand. 

T-Square.     The  T-square  consists  of  a  thin   straight  edge 


Fig.  4.     ' 

called  the  blade,  fastened  to  a  head  at  riglit  angles  to  it.  It  gets 
its  name  from  the  general  shape.  T-squares  are  made  of  various 
materials,  wood  l)eing  the  most  commonly  used.  Fig.  4  shows  an 
ordinary  form  of  T-square  which  is  adapted  to  most  work.  In 
Fig.  5  is  shown  a  T-square  with  edges  made  of  ebony  or  maliogany, 
as  these  woods  are  much  harder  than  pear  wood  or  maple,  which 
is  generally  used.  The  head  is  formed  so  as  to  fit  against  the  left- 
hand  edge  of  the  di-awing  board,  while  the  blade  extends  over  the 
surface.  It  is  desirable  to  have  the  blade  of  the  T-square  form  a 
right  angle  with  the  head,  so  that  tlie  lines  drawn  with  the  T- 
square  will  be  at  right  angles  to  the  left-hand  edge  of  the  board. 
This,  however,  is  not  absolutely  necessary,  because  the  line^  dniwn 
with  the  T-square  are  always  with  reference  to  one  6dge  of  the 
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Ijoaid  only,  and  if  this  edge  of  the  board  is  straight,  the  lines 
drawn  with  the  T-square  will  be  parallel  to  each  other.  The  T- 
square  should  never  be  used  except  with  the  left-hand  edge  of  the 
board,  as  it  is  almost  impossible  to  find  a  drawing  broad  with  the 
edges  parallel  or  at  right  angles  to  each  other. 

The  T-square  with  an  adjustable  head  is  frequently  very  con- 
venient, as  it  is  sometimes  necessary  to  draw  lines  parallel  to  each 


Pig.  6. 

other  which  are  not  at  right  angles  to  the  left-hand  edge  of  the 
board.  This  form  of  T-square  is  similar  to  the  ordinary  T-square 
already  described,  but  the  head  is  swiveled  so  that  it  may  be 
clamped  at  any  desired  angle.     The  ordinary  T-square  as  showu 

in  Figs.  4  and  5  is,  how 
ever,  adapted  to  almodt 
any  class  of  drawing. 

Fig.  6  shows  the 
method  of  drawing  parallel 
liorizontal  lines  with  the 
T-square.  With  the  head 
of  the  T-square  in  contact 
with  the  left-hand  edge  of 
tlie  board,  the  lines  may  be 
drawn  by  moving  the  T-square  to  the  desired  position.  In  using  the 
T-square  the  upper  edge  should  always  be  used  for  drawing  as  the 
two  edges  may  not  be  exactly  parallel  and  straight,  and  also  it  is 
more  convenient  to  use  this  edge  with  the  triangles.  If  it  is  neces- 
sary to  use  a  straight  edge  for  trimming  drawings  or  cutting  the 
paper  from  the  board,  the  lower  edge  of  the  T-square  should  be 
used  so  that  the  upper  edge  may  not  be  marred. 

For  accurate  work  it  is  absolutely  necessary  that  the  working 
edge  of  the    T-square   should  be  exactly   straight.     To  test  the 
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straightness  of  the  edge  of  the  T-square,  two  T-squares  may  be 
placed  together  as  shown  in  Fig.  7.  This  figure  shows  plainly 
that  the  edge  of  one  of  the  T-squares  is  crooked.  This  fact,  how- 
ever, does  not  prove  that  either  one  is  straight,  and  for  this  deter- 
mination a  third  blade  must  be 
used  and  tried  with  the  two 
given  T-squares  successively. 

Triangles*  Triangles  are 
made  of  various  substances  such 
as  wood,  rubber,  celluloid  and 
steel.  Wooden  triangles  are 
cheap  but  are  likely  to  warp  and  get  out  of  shape.  The  rubber  tri- 
angles are  frequently  used,  and  are  in  general  satisfactory.  The 
transparent  celluloid  triangle  is,  however,  CKtensively  used  on  ac- 
count of  its  transparency,  which  enables  the  draftsmen  to  see  the 
work  already  done  even  when  covered  with  the  triangle.  In  using 
a  rubber  or  celluloid  triangle  take  care  that  it  lies  perfectly  flat  or 


Fig.  7. 


TRIANGLES. 

is  hung  up  when  not  in  use  ;  when' allowed  to  lie  on  the  drawing 
board  with  a  pencil  or  an  eraser  under  one  corner  it  will  become 
warped  in  a  short  time,  especially  if  the  room  is  hot  or  tlie  sun 
hap[)ens  to  strike  the  triangle. 

Triangles  are  made  in  various  sizes,  and  maiiy  draftsmen 
have  several  constantly  on  hand.  A  triangle  from  6  to  8  inches 
on  a  side  will  be  found  convenient  for  most  work,  although  there 
are  many  cases  where  a  small  triangle  measuring  about  4  inches 
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on  a  side  will  be  found  useful.  Two  triangles  are  necessary  for 
every  draftsman,  one  having  two  angles  of  45  degrees  each  and 
one  a  right  angle  ;  and  the  other  having  one  angle  of  60  degrees, 
one  of  30  degrees  and  one  of  90  degrees. 

The  value  of  the  triangle  depends  upon  the  accumcy  of  the 
angles  and  the  straightness  of  the  edges.     To  test  the  accuracy  of 

the  right  angle   of   a    tri- 
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angle,  place  the  triangle 
with  the  lower  edge  rest- 
ing on  the  edge  of  the 
T-square,  as  shown  in 
Fig.  8.  Now  draw  the 
line  C  D,  which  should  be 
perpendicular  to  the  edge 
of  the  T-square.  The 
same  triangle  should  then 

be  pLaced  in  the  position  shown  at  B.     If  the  right  angle  of  the 

triangle  is  exactly  90  degrees  the  left-hand  edj^e  of  the  triangle 

should  cx;icily  coincide  with  the  line  C  D. 

To  test  the  accuracy  of  the  45-degree  triangles,  first  test  the 

right  anglo  then  place  the 
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Fig.  9. 


triangle  with  the  lower 
edge  resting  on  the  work- 
ing edge  of  the  T-square, 
and  draw  the  line  E  F  as 
shown  in  Fig.  9.  Now 
without  moving  the  T- 
square  place  the  triangle 
80  that  the  other  45-degree 
angle  is  in  the  position 
occupied  by  the  fii-st.  If  the  two  45-degree  angles  coincide  they 
are  accurate. 

Triangles  are  very  convenient  in  drawing  lines  at  right 
angles  to  the  T-square.  The  method  of  doing  this  is  shown  in 
Fig.  10.  Triangles  are  also  used  in  drawing  lines  at  an  angle 
with  the  horizontal,  by  placing  them  on  the  board  as  shown  in 
Fig.  11.  Suppose  the  line  E  F  (Fig.  12)  is  drawn  at  any  anjle, 
and  we  wish  to  draw  a  line  through  the  point  P  parallel  to  it. 
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First  place  one  of  the  triangles  as  shown  at  A,  having  one  edge 
coincidii.g  with  the  given  line.  Now  take  the  otlier  triangle  and 
place  one  of  its  edges  in  contact  with  tlie  bottom  edge  of  triangle 
A.  Holding  the  triangle  B  firmly  with  the  left  hand  the  triangle 
A  may  be  slipped  along  to  the  right  or  to  the  left  until  the  edge 
of  the  triangle  reaches  the 
l>oint  P.  The  line  M  N 
may  then  be  dmwn  along 
tlie  edge  of  the  triangle 
passing  through  the  point 
P.  In  place  of  the  tri- 
angle B  any  straight  edge 
such  as  a  T-square  may  be 
used. 

A  line  can  be  drawn 
perpendicular  to  another  by  means  of  the  triangles  as  follows. 
Let  E  F  (Fig.  13)  bo  the  given  line,  and  suppose  we  wish  to 
draw  a  line  lierjjendicular  to  E  F  through  the  point  D.  Place 
the   longest  side   of  one   of   the   triangles   so  that  it  coincides 

with  the  lin3  E  F,  as  the 
triangle  is  shown  in  posi- 
tion at  A.  Place  the  other 
triangle  (or  any  straight 
edge)  in  the  position  of 
the  triangle  as  shown  at 
B,  one  edge  resting  against 
the  edge  of  the  triangle  A. 
Then  holding  B  with  the 
left  hand,  place  the  tri- 
angle A  in  the  position  shown  at  C,  so  that  the  longest  side 
passes  through  the  point  D.  A  line  can  then  be  drawn  through 
the  point  D  perpendicular  to  E  F. 

In  previous  figures  we  have  seen  how  lines  may  be  drawn 
making  angles  of  30,  45,  60  and  90  degrees  with  the  horizontal. 
If  it  is  desired  to  draw  lines  forming  angles  of  15  and  75  degrees 
tbe  triangles  may  be  placed  iis  shown  in  Fig.  14. 

In  using  the  triangles  and  T-square  almost  any  line  may  be 
drawn.     Suppose  we  wish  to  draw  a  rectangle  having  one  side 


Fig.  11. 


19 


12 


MECHANICAL    DRAWING. 


horizontal.  First  place  the  T-square  as  shown  iii  Fig.  15.  By 
moving  the  T-square  up  or  down,  the  sides  A  B  and  D  C  may  be 
drawn,  because  they  ai-e  horizontal  and  parallel.  Now  place  one 
of  the  triangles  resting  on  the  T-square  as  shown  at  E,  and  hav- 
ing the  left-hand  edge  passing  through  the  point  D.     The  vertical 
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Fig.  13. 


line  D  A  may  be  drawn,  and  by  sliding  the  triangle  along  the  edge 
of  the  T-square  to  the  position  F  the  line  B  C  may  be  drawn  by 
using  the  same  edge.  These  positions  are  shown  dotted  in  Fig.  15. 
If  the  rectangle  is  to  be  placed  in  some  other  position  on  the 
drawing  board,  as  shown  in  Fig.  16,  place  the  45-degree  triangle 

F  so  that  one  edge  is 
parallel  to  or  coincides 
with  the  side  D  C.  Now 
holding  the  triangle  F  in 
position  place  the  triangle 
H  so  that  its  upper  edge 
coincides  with  the  lower 
edge  of  the  triangle  F. 
By  holding  H  in  position 
and  sliding  the  triangle  F 
along  its  upper  edge,  the  sides  A  B  and  1)  C  may  be  drawn. 
To  draw  the  sides  A  D  and  B  C  the  triangle  sliould  be  used  as 
shown  at  E. 

Compasses.  Compasses  are  used  for  drawing  circles  and 
arcs  of  circles.  They  are  made  of  various  materials  and  in  various 
sizes.  The  cheaper  class  of  instruments  are  made  of  brass,  but 
they  are  unsatisfactory  on  account  of  the  odor  and  the  tendency 
to  tarnish.     The  best  material  is  German  silver.     It  does  not  soil 
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readily,  it  has  no  odor,  and  is  easy  to  keep  clean.  Aluminum'  in- 
struments possess  the  advantage  of  lightness,  but  on  account  of 
the  soft  metal  they  do  not  wear  well. 

The  compasses  are  made  in  the  form  shown  in  Figs.  17  and 
18.  Pencil  and  pen  points  are  provided,  as  shown  in  Fig.  IT* 
Either  pen  or  pencil  may  be  inserted  in  one  leg  by  means  of  a 
shank  and  socket.  The 
other  leg  is  fitted  with  a 
needle  point  which  is 
placed  at  the  center  of  the 
circle.  In  most  instru- 
ments the  needle  {)oint  is 
separate,  and  is  made  of  a 
piece  of  round  steel  wire 
having  a  square  shoulder 
at  one  or  both  ends.  Be- 
low this  shoulder  the  needle  point  projects.  The  needle  is 
made  in  this  form  so  that  the  hole  in  the  paper  may  be  very 
minute. 

In  some  instruments  lock  nuts  are  used  to   hold   the  joint 
firmly  in  position.     These  lock  nuts  are  thin  discs  of  steel,  with 

notches  for  using  a  wrench  or 
forked  key.  Fig.  19  shows  the 
detail  of  the  joint  of  high  grade 
instruments.  Both  legs  are  alike 
at  the  joint,  and  two  pivoted 
screws  are  inserted  in  the  yoke. 
This  permits  ample  movement 
of  the  legs,  and  at  the  same 
time  gives  the  proper  stiff- 
ness. The  fiat  surface  of  one  of 
the  legs  is  faced  with  steel,  the  other  being  of  German  silver, 
in  order  that  the  rubbing  parts  may  be  of  different  metals.  Small 
set  screws  are  used  to  prevent  the  pivoted  screws  from  turning 
in  the  yoke.  The  contact  surfaces  of  this  joint  are  made  cir- 
cular to  exclude  dust  and  dirt  and  to  prevent  rusting  of  the 
W»el  face. 

Figs.  20,  21,  and  22  show  the  detail  of  the  socket;  in  some 
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instruments  tlie  shank  and  socket  are  pentagonal,  as  shown  in 
Fig.  20.  The  sliaiik  entei-s  the  socket  loosely,  and  is  held  in  place 
by  means  of  the  screw.  Unless  used  veiy  carefully  this  arrange- 
ment is  not  dui-able  because  the  sharp  cornei-s  soon  wear,  and  the 
pressure  on  the  set  screw  is  not  sufficient  to  hold  the  shank  firmly 
in  place. 

In  Fig.  21  is  shown  another  form  of  shank.  This  is  round, 
having  a  flat  top.  A  set  screw  is  also  used  to  hold  this  in  posi- 
tion.    A  still  better  form  of  socket  is  shown  in  Fig.  22 ;  the  hole 
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Fig.  17. 


Fig.  18. 


is  made  tapered  and  is  circular.  The  shank  fits  accurately,  and 
is  held  in  perfect  alignment  by  a  small  steel  key.  The  clam[)ing 
screw  is  placed  upon  the  side,  and  keeps  the  two  portions  of  the 
split  socket  together. 

Figs,  n  and  18  show  that  both  legs  of  the  compasses  ai-e 
jointed  in  order  that  the  lower  part  of  the  legs  may  be  i>erpen- 
dicular  to  the  paper  while  drawing  circles.  In  this  way  the 
needle  point  makes  but  a  small  hole  in  the  paper,  and  both  nibs  of 
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the  pen  will  press  equally  on  the  paper.  In  pencilling  circles  it 
is  not  as  necessary  that  the  pencil  should  be  kept  \ertical;  it  is  a 
good  plan,  however,  to  learn  to  use  them  in  this  way  both  in  pen- 
cilling and  inking.  The  com- 
passes should  be  held  loosely  be- 
tween the  thumb  and  forefinger. 
If  the  needle  point  is  sharp,  as 
it  should  be,  only  a  slight  pres- 
sure will  be  required  to  keep  it 
in  place.  While  drawing  the 
circle,  incline  the  compasses 
slightly  in  the  direction  of 
revolution  and  press  lightly  on 
the  pencil  or  pen. 

In  removing  the  pencil  or 
pen,   it    should  be   pulled   out  ^^^K-  1®- 

straight.  If  bent  from  side  to  side  the  socket  will  become  en- 
larged and  the  shank  worn ;  this  will  render  tlie  instrument  inac- 
curate. For  drawing  large  circles  the  lengthening  bar  shown  in 
Fig.  17  should  be  used.     When  using  the  lengthening  bar  the 
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needle  point  should  be  steadied  with   one  hand  and  the  circle 
described  with  the  other. 

Dividers.  Dividei-s,  shown  in  Fig.  23,  are  made  similar  to  the 
compasses.  They  are  used  for  laying  oflf  distances  on  the  draw- 
ing, either  from  scales  or  from  other  parts  of  the  drawing.     They 

^may  also  be  used  for  dividing  a  line 
into  equal  parts.  When  dividing  a 
line  into  equal  parts  the  dividers 
should  be  turned  in  the  opposite  direc- 
tion each  time,  so  that  the  moving  point  passes  alternately  to 
the  right  and  to  the  left.  The  instrument  can  then  be  operated 
readily  with  one  hand.  The  points  of  the  dividers  should  be 
very  sharp  so  that  the  holes  made  in  the  paper  will  be  small. 
If  large  holes  are  made  in  the  paper,  and  the  distances  between 
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the  points  are  not  exact,  accurate  spacing  cannot  be  done 
Sometimes  the  compasses  are  furnished  with  wteel  divider  pointt 
in  addition  to  the  pen  and  pencil  points.  The  compasses  may 
then  be  used  either  as  dividers  or  as  compasses.  Many  drafts- 
men use  a  needle  point  in  place  of  dividers  for  making  measure- 
ments from  a  scale.  The  eye  end  of  a  needle  is  fii-st  broken  off 
and  the  needle  then  forced  into  a  small  handle  made  of  a  round 
piece  of  soft  pine.  This  instrument  is  very  convenient 
for  indicating  the  intersection  of  lines  and  marking  off 
distances. 

Bow  Pen  and  Bow  Pencil*  Ordinary  large  compasses 
are  too  heavy  to  use  in  making  small  circles,  fillets,  etc. 
The  leverage  of  the  long  leg  is  so  great  that  it  is  very 
difficult  to  draw  small  circles  accurately.  For  this  reason 
the  bow  compasses  shown  in  Figs.  24  and  25  should  be 
used  on  all  arcs  and  circles  having  a  radius  of  less  than 
three-quarters  inch.  The  bow  compasses  are  also  con- 
venient for  duplicating  small  circles  such  as  those  which 
V  g  represent  boiler-  tubes,  bolt  holes,  etc.,  since  there  is  no 
Jl  tendency  to  slip. 

I  The   needle   point   must  be  adjusted   to    the   same 

I     length  as  the  pen  or  pencil  point  if  very  small  circles  are 

I     to  be  drawn.     The  adjustment  for  altering  the  radius  of 

i    I     the  circle  can  be  made  by  turning  the  nut.     If  the  change 

W      in  radius  is  considerable  the  points  should  be  pressed  to- 

\l      gether  to  remove  the  pressure  from    the  nut  which  can 

pj    23  *^®'^  ^  turned  in  either  direction  with  but  little  wear  on 

the  threads. 

Fig.  26  shows  another  bow  instrument  which  is  frequently 

used  in  small  work  in  place  of  the  dividers.     It  has  the  advantage 

of  retaining  the  adjustment. 

DrawiniT  P^n*  ^^^  drawing  straight  lines  and  curves  that 
are  not  arcs  of  circles,  the  line  pen  (sometimes  called  the  ruling 
pen)  is  used.  It  consists  of  two  blades  of  steel  fastened  to  a 
handle  as  shown  in  Fig.  27.  The  distance  between  the  pen  points 
can  be  adjusted  by  the  thumb  screw,  thus  regulating  the  width  of 
line  to  be  drawn.  The  blades  are  given  a  slight  curvature  so  that 
there  will  be  a  cavity  for  ink  when  the  points  are  close  together. 
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The  pen  may  be  filled  by  means  of  a  common  steel  pen  op 
with  the  quill  which  is  provided  with  some  liquid  inks.  The  pen 
should  not  be  dipped  in  the  ink  because  it  will  then  be  necessary 
to  wipe  the  outside  of  the  blades  before  use.  The  ink  should 
fill  the  pen  to  a  height  of  about  ^  or  |  inch ;  if  too  much  ink  is 
placed  in  the  pen  it  is  likely  to  drop  out  and  spoil  the  drawing. 
Upon  finishing  the  work  the  pen  should  be  carefully  wiped  with 


Fig.  24. 
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Fig.  26. 


chamois  or  a  soft  cloth,  because  most  liquid  inks  corrode  the  steel. 
In  using  the  pen,  care  should  be  taken  that  both  blades  bear 
equally  on  the  paper.  If  the  points  do  not  bear  equally  the  line 
will  be  ragged.  If  both  j)oints  touch,  and  the  pen  is  in  good 
condition  the  line  will  bo  smooth.  The  pen  is  usually  inclined 
slightly  in  tlie  direction  in  which  the  line  is  drawn.     The  pen 


Fig.  27. 

ihould  totcch  the  triangle  or  T-square  which  serve  as  guides,  but 
it  should  not  be  pressed  against  them  because  the  lines  will  then 
be  uneven.  The  points  of  the  pen  should  b«  close  to  the  edge  of 
the  mangle  or  T-square,  but  should  not  toaeh  it 

To  Sharpen  the  Drawing  Pen.       After  tiie  pen  has  been 
used  for  some  time  the  points  beeome  worn,  and  ijb  is  impossible 
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to  make  smooth  lines.  This  is  especially  true  if  rough  paper  is 
used.  The  pen  can  be  put  in  proper  condition  bj  sharpening  it. 
To  do  this  take  a  small,  flat,  close-grained  oil-stone.  The  blades 
should  firat  be  screwed  together,  and  the  points  of  the  pen  can  be 
given  the  proper  shape  by  drawing  the  pen  back  and  forth  over 
the  stone  changing  the  inclination  so  that  the  shape  of  the  ends 
will  be  parabolic.  This  process  dulls  the  points  but  gives  them 
the  proper  shape,  and  makes  them  of  the  same  length. 

To  sharpen  the  pen,  separate  the  points  slightly  and  rub  one 
of  them  on  the  oilnstone.  While  doing  this  keep  the  pen  at  an 
angle  of  from  10  to  15  degrees  with  the  face  of  the  stone,  and 
give  it  a  slight  twisting  movement.  This  part  of  the  operation 
requii*es  great  care  as  the  shape  of  the  ends  must  not  be  altei*ed. 
After  the  pen  point  has  become  fairly  sharp  the  other  point 
should  be  ground  in  the  same  manner.  All  the  grinding  should 
be  done  on  the  outside  of  the  blades.  Tlie  burr  should  be 
removed  from  the  inside  of  the  blades  by  using  a  piece  of  leather 
or  a  piece  of  pine  wood. 

Ink  should  now  be  placed  between  the  blades  and  the  pen 
tried.  The  pen  should  make  a  smooth  line  whether  fine  or 
heavy,  but  if  it  does  not  the  grinding  must  be  continued  and  the 
pen  tried  frequently. 

Ink.  India  ink  is  always  used  for  drawing  as  it  makes  a 
permanent  black  line.  It  may  be  purchased  in  solid  stick  form 
or  as  a  liquid.  The  liquid  form  is  very  convenient  as  much  time 
is  saved,  and  all  the  lines  will  be  of  the  same  color ;  the  acid  in 
the  ink,  ho  we  ver^^  corrodes  steel  and  makes  it  necessary  to  keep 
the  pen  peifectly  clean. 

Some  draftsmen  prefer  to  use  the  India  ink  which  comes  in 
stick  form.  To  prepare  it  for  use,  a  little  water  should  be  placed 
in  a  saucer  and  one  end  of  the  stick  placed  in  it.  The  ink  is 
ground  by  giving  it  a  twisting  movement.  When  the  water  has 
become  black  and  slightly  thickened,  it  should  be  tried.  A 
heavy  line  should  be  made  on  a  sheet  of  paper  and  allowed  to 
dry.  If  tlie  line  has  a  grayish  appearance,  more  gi-inding  is 
necessary.  After  the  ink  is  thick  enough  to  make  a  good  black 
line,  the  grinding  should  cease,  because  very  thick  ink  will  not 
flow  freely  from  the  pen.     If,  however,  the  ink  has  become  too 
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thick,  it  may  be  diluted  with  water.  After  using,  the  stick 
should  be  wiped  dry  to  prevent  crumbling.  It  is  well  to  grind 
the  ink  in  small  quantities  as  it  does  not  dissolve  readily  if  it  has 
once  become  dry.  If  the  ink  is  kept  covered  it  will  keep  for  two 
or  three  days. 

Scales.  Scales  are  used  for  obtaining  the  various  measure- 
ments on  drawings.  They  are  made  in  several  forms,  the  most 
convenient  being  the  flat  with  beveled  edges  and  the  triangular. 
The  scale  is  usually  a  little  over  12  inches  long  and  is  graduated 
for  a  distance  of  12  inches.  The  triangular  scale  shown  in  Fig. 
28  has  six  surfaces  for  graduations,  thus  allowing  many  gradua- 
tions on  the  same  scale. 

The  graduations  on  the  scales  are  arranged  so  that  the 
drawingf^  may  be  made  in  any  proportion  to  the  actual  size.  For 
mechanical  work,  the  common   divisions  are   multiples  of   two. 
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Thus  we  make  drawings  full  size,  half  size,  ^,  ^,  ^^,  j^,  ^,  etc. 
If  a  drawing  is  ^  size,  3  inches  equals  1  foot,  hence  3  inches  is 
divided  into  12  equal  parts  and  each  division  represents  one  inch. 
If  the  smallest  division  on  a  scale  represents  -^  inch,  the  scale  is 
said  to  read  to  -^^  inch. 

Scales  are  often  divided  into  -j^,  ^V*  ^i^'  i\'  ^*^m  ^^^  archi- 
tects, civil  engineers,  and  for  measuring  on  indicator  cards. 

The  scale  should  never  be  used  for  drawing  lines  in  place  of 
triangles  or  Tnaquare. 

Protractor.  The  protractor  is  an  instrument  used  for  laying 
off  and  measuring  angles.  It  is  made  of  steel,  brass,  horn  and 
paper.  If  made  of  metal  the  central  portion  is  cut  out  as  shown 
in  Fig.  29,  so  that  the  draftsman  can  see  the  drawing.  The 
outer  edge  is  divided  into  degrees  and  tenths  of  degrees.  Some- 
times the  graduations  are  very  fine.  In  using  a  protractor  a  very 
sharp  hard  pencil  should  be  used  so  that  the  lines  will  be  fine 
and  accurate. 

The  protractor  should  be  placed  so  that  the  given  line  (  pro- 
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duced  if  nece&sary)  coincides  with  the  two  O  marks.  The 
center  of  the  circle  being  placed  at  the  point  through  which  the 
desired  line  is  to  be  drawn.  The  division  can  then  be  marked 
with  the  pencil  point  or  needle  point. 

Irres^ular  Curve«    One  of  the  conveniences  of  a  draftsman's 


Fig.  29. 

outfit  is  the  French  or  irregular  curve.  It  is  made  of  wood, 
hard  rubber  or  celluloid,  the  last  named  material  being  the  best. 
It  is  made  in  various   shapes,  two  of  the  most   common   being 


Fig.  80. 

shown  m  Fig.  30.  This  instrument  is  used  for  drawing  curves 
other  than  arcs  of  circles,  and  both  pencil  and  line  pen  can  be 
used. 

To  draw  the  curve,  a  series  of  points  is  first  located  and 
then  the  curve  drawn  passing  through  them  by  using  the  part  of 
the  irregular  curve   that  passes  through  several  of  them.     The 
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curve  is  shifted  for  this  work  from  one  position  to  another.  It 
frequently  facilitates  the  work  and  improves  its  appearance  to 
draw  a  free  hand  pencil  curve  through  the  points  and  then  use  the 
irregular  curve,  taking  care  that  it  always  fits  at  least  three  points. 
In  inking  the  curve,  the  blades  of  the  pen  must  be  kept 
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Fig*  81. 

tangent  to  the  curve,  thus  necessitating  a  continual  change  of 
direction. 

Beam  ComiMisses.  The  ordinary  compasses  are  not  large 
enough  to  draw  circles  having  a  diameter  greater  than  about  8  or 
10  inches.  A  convenient  instrument  for  larger  circles  is  found 
in  the  beam  compasses  shown  in  Fig.  31.  The  two  parts  called 
channels  cariying  the  pen  or  pencil  and  the  needle  point  are 
clamped  to  a  wooden  beam ;  the  distance  between  them  being 
equal  to  the  radius  of  the  circle.  Accurate  adjustment  is  obtained 
by  means  of  a  thumb  nut  underneath  one  of  the  channel  pieces. 

FLAXES. 

Plates  ly  II  and  III  are  provided  to  give  practice  in  the  use 
of  the  drawing  instruments.  Drawing  paper  at  least  11  inches  by 
15  inches  should  be  used  to  allow  border  lines  10  inches  by  14 
inches.  First,  draw  carefully  in  pencil  and  then  ink  in.  Especial 
care  should  be  taken  as  to  quality  and  width  of  line,  intersections, 
and  the  joining  of  curved  and  straight  lines. 

These  are  followed  by  examples  for  lettering.  Plate  IV  sho  «. 
be  drawn  first  in  pencil  and  then  in  ink. 
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PART  III. 


PROJECTIONS, 


ORTHOGRAPHIC   PROJECTION. 

Orthographic  Projection  is  the  art  of  representing  objects  of 
three  dimensions  by  views  on  two  planes  at  right  angles  to  each 
other,  in  such  a  way  that  the  forms  and  positions  may  be  completely 
determined.  The  two  planes  are  called  planes  of  projection  or 
co-ordinate  planes,  one  being  vertical  and  the  other  horizontal,  as 
shown  in  Fig.  1.  These  planes  are  sometimes  designated  V  and  H 
respectively.  The  intersection  of  V  and  H  is  known  as  the  ground 
line  G  L. 

The  view  or  projection  of  the  figure  on  the  plane  gives  the 
same  appearance  to  the  eye  placed  in  a  certain  position  that  the 
object  itself  does.  This  position 
of  the  eye  is  at  an  infinite  dist- 
ance from  the  plane  so  that  the 
rays  from  it  to  points  of  a  limited 
object  are  all  perpendicular  to  the 
plane.  Evidently  then  the  view  of 
a  point  of  the  object  is  on  the  plane 
and  in  the  ray  through  the  point  Fig.  1. 

and  the  eye  or  where  this  perpendicular  to  the  plane  pierces  it. 

Let  a.  Fig.  1,  be  a  point  in  space,  draw  a  perpendicular  from  a 
to  V.  Where  this  line  strikes  the  vertical  plane,  the  projection  of  a 
is  found,  namely  at  a^.  Then  drop  a  perpendicular  from  a  to  the 
horizontal  plane  striking  it  at  a**,  which  is  the  horizontal  projection 
of  the  point.  Drop  a  perpendicular  from  a""  to  H;  this  will 
intersect  G  L  at  (?  and  be  parallel  and  equal  to  the  lino  aa^.  In 
the  same  way  draw  a  perpendicular  from  a^  to  V,  this  also  will 
intersect  G  L  at  ^  and  will  be  parallel  and  equal  to  a  a"".  In  other 
words,  the  perpendicular  to  G  L  from  the  projection  of  a  point  on 
either  plane  equals  the  distance  of  the  point  from  the  other  plane. 
B  in  Fig.  1,  shows  a  lipe  in  space.    B""  is  its  V  projection,  and  B** 
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its  H  projection,  these  being  determined  by  finding  views  of  points 
at  its  ends  and  connecting  the  points. 

Instead  of  horizontal  projection  and  vertical  projection,  the 
terms  plan  and  elevatioa  are  commonly  nsed. 

Suppose  a  cube,  one  inch  on  a  side,  to  be  placed  as  in  Fig.  2, 
with  the  top  face  horizontal  and  the  front  face  parallel  to  the 
vertical  plane.  Then  the  plan  will  be  a  one-inch  square,  and  the 
elevation  also  a  one-inch  square.  In  general  the  plan  is  a  repre- 
sentation  of  the  top  of  the  object,  and  the  elevatioa  a  view  of  the 
£n  I       i  I       hen  is  a  top  view,  and  the  elevation  a  front  view. 


Fig.  2. 


Pig.  3. 


Thus  far  the  two  planes  have  been  represented  at  right  angles 
to  each  other,  as  they  are  in  space.  In  order  that-  they  may  be 
shown  more  simply  and  on  the  one  plane  of  the  paper,  H  is 
revolved  about  G  L  as  an  axis  xmtil  it  lies  in  the  same  plane  as  V 
as  shown  in  Fig.  2.  The  lines  l*"  O  and  2''  N,  being  perpendicular 
to  G  L,  are  in  the  same  straight  line  as  5'  O  and  6^  N,  which  also 
are  perpendicular  to  G  L.  That  is — two  views  of  a  point  are 
always  in  a  line  perpendicular  to  0  L.  From  this  it  is  evident 
that  the  plan  must  be  vertically  below  the  elevation,  point  for  point. 
Now  lookinf*  directly  at  the  two  planec  in  the  revolved  position,  we 
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get  a  true  orthographic  projection  of  the  cube  as  shown  in  Fig.  3. 
All  points  on  an  object  at  the  same  height  must  appear  in 
elevation  at  the  same  distance  above  the  ground  line.  If  numbers 
1,  2,  3,  an4  4  on  the  plan,  Fig.  3,  indicate  the  top  comers  of  the 
cube,  then  these  four  points,  being  at  the  same  height,  must  be 

shown  in  elevation  at  the  same  height  and  at  the  top,  -  -  and  -^^ 

The  top  of  the  cube,  1, 2, 3, 4,  is  shown  in  elevation  as  the  straight  line 

4v   3t  ^ 

-y^  -^  .  This  illustrates  the  fact  that  {/"a  surface  is  perpendicular 

to  either  plane  or  projection^  its  projection  on  that  plane  is  simply 
a  line;  a  straight  line  if  the  surface  isplane^  a  curved  line  if  the 
surface  is  curved. '  From  the  same  figure  it  is  deen  that  the  top 

edge  of  the  cube,  1  4,  has  for  its  projection  on  the  vertical  plane 

4v 
the  point -v^,  the  principle  of  which  is  stated  in  this  way:  If  a 
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straight  line  is  perpendicular  to  either  V  or  H^  its  projection  on 
that  plane  is  a  pointy  and  on  the  other  plane  is  a  line  equal  in 
IcTigth  to  the  line  itself  <i  and  perpendicular  to  the  ground  line. 

Fig.  4  is  given  as  an  exercise  to  help  to  show  clearly  the  idea 
of  plan  and  elevation. 

A  =  a  point  B'  above  H,  and  A'  in  front  of  V. 

B  =  square  prism  resting  on  H,  two  of  its  faces  parallel  to  V, 

C  =  circular  disc  in  space  parallel  to  V. 

D  =:  triangular  card  in  space  parallel  to  V. 

E  =  cone  resting  on  its  base  on  H. 

P  =  cylinder  perpendicular  to  V,  and  with  one  end  resting  against  V. 

G  =  line  perpendicular  to  H. 

H  =  triangular  pyramid  above  H,  with  its  base  resting  against  V. 
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Suppose  ill  Fig.  5,  that  it  is  desired  to  construct  the  pro- 
jections of  <a  prism  1^  in.  square,  and  2  in.  long,  standing  on  one 
end  on  the  horizontal  plane,  two  of  its  faces  being  parallel  to  the 
vertical  plane.  In  the  first  place,  as  the  top  end  of  the  prism  is  a 
square,  the  top  view  or  plan  will  be  a  square  of  the  same  size, 
that  is,  1^  in.  Then  since  the  prism  is  placed  parallel  to  and  in 
front  of  the  vertical  plane  the  plan,  1^  in.  square,  will  have  two 
edges  parallel  to  the  ground  line.     As  the  front  face  of  the  prism 
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Fig.  6, 


is  parallel  to  the  vertical  plane  its  projection  on  V  will  be  a  rect- 
angle, equal  in  length  and  width  to  the  length  and  width  respec- 
tively of  the  prism,  and  as  the  prism  stands  with  its  base  on  H, 
the  elevation,  showing  height  above  H,  must  have  its  base  on  the 
ground  line.  Observe  carefully  that  points  in  elevation  are  verti- 
cally over  corresponding  points  in  plan. 

The  second  drawing  in  Fig.  5  represents  a  prism  of  the  same 
size  lying  on  one  side  on  the  horizontal  plane,  and  with  the  ends 
parallel  to  V. 

The  principles  which  have  been  used  thus  far  may  be  stated 
as  follows,  — 
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1.  if  a  line  or  point  is  on  either  plane,  its  other  projection 
must  be  in  the  ground  line. 

2.  Height  aliove  H  is  shown  in  elevation  as  height  above 
the  ground  line,  and  distance  in  front  of  the  vertical  plane  is  shown 
in  plan  as  distance  from  the  ground  line. 

3.  If  a  line  is  pai-allel  to  either  plane,  its  actual  length  is 
shown  on  that  plane,  and  its  other  projection  is  parallel  to  the 
ground  line.  A  line  oblique  to  either  plane  has  its  projection  on 
that  plane  shorter  than  the  line  itself,  and  its  other  projection 
oblique  to  the  ground  line.  No  projection  can  be  longer  than  the 
line  itself. 

4.  A  plane  surface  if  parallel  to  either  plane,  is  shown  on 


Fig.  6. 


Fig.  7. 


that  plane  in  its  true  size  and  shape;  if  oblique  it  is  shown 
smaller  than  the  true  size,  and  if  perpendicular  it  is  shown  as  a 
straight  line.  Lines  parallel  in  space  must  have  their  V  projec- 
tions parallel  to  each  other  and  also  their  II  projections. 

If  two  lines  intersect,  their  projections  must  cross,  since  the 
point  of  intersection  of  the  lines  is  a  point  on  both  lines,  and 
therefore  the  projections  of  this  point  must  be  on  the  projections 
of  both  lines,  or  at  their  intersection.  In  order  that  intersecting 
lines  may  be  represented,  the  vertical  projections  must  intersect 
in  a  point  vertically  above  the  intersection  of  the  horizontal  pro- 
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jectioiis.  Thus  Fig.  6  represents  two  lines  which  do  intersect  as 
C'^  crosses  D*at  a  point  vertically  above  the  intersection  of  C^  and 
D'^.  In  Fig.  7,  however,  the  lines  do  not  intersect  since  the  inter- 
sections of  their  projections  do  not  lie  in  the  same  vertical  line. 

In  Fig.  8  is  given  the  plan  and  elevation  of  a  square  pyramid 
standing  on  the  horizontal  plane.  The  height  of  the  pyramid  is 
the  distance  A  B.  The  slanting  edges  of  the  pyramid,  A  C,  A  D, 
etc.,  must  be  all  of  the  same  length,  since  A  is  directly  above  the 

center  of  the  base.  What  this  length 
is,  however,  doe^  not  appear  in  either 
projection,  as  these  edges  are  not 
parallel  to  either  V  or  H. 

Suppose  that  the  pyramid  be 
turned  around  into  the  dotted  posi- 
tion C,  D,  E,  F,  where  the  horizontal 
projections  of  two  of  the  slanting 
edges,  A  C,  and  A  E,  are  parallel  to 
the  ground  line.  These  two  edges, 
having  their  horizontal  projections 
parallel  to  the  ground  line,  are  now 
parallel  to  V,  and  therefore  their  new 
vertical  projections  will  show  their 
true  lengths.  The  base  of  the  pyra- 
mid is  still  on  H,  and  therefore  is 
projected  on  V  in  the  ground  line. 
The  apex  is  in  the  same  place  as  be- 
fore, hence  the  vertical  projection  of 
the  pyramid  in  its  new  position  is  shown  by  the  dotted  lines.  The 
vertical  projection  A  Cj^'is  the  true  length  of  edge  A  C.  Now  if 
we  wish  to  find  simply  the  true  length  of  A  C,  it  is  unnecessaiy  to 
turn  the  whole  pyramid  around,  as  the  one  line  A  C  will  be  suflBcient. 
The  principle  of  finding  the  true  length  of  lines  is  this,  and 
can  be  applied  to  any  case  :  Swing  one  projection  of  the  line  par- 
allel to  the  ground  line,  using  one  end  as  center.  On  the  other 
projection  the  moving  end  remains  at  the  same  distance  from  the 
ground  line,  and  of  course  vertically  above  or  below  the  same  end 
in  its  parallel  position.  This  new  projection  of  the  line  shows  its 
true  length.     See  the  three  Figures  at  the  tcp  of  page  9. 


Fig.  8. 
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Third  plane  of  projection  or  profile  plane.      A  plane  perpen- 
dicular to  both  co-ordinate  planes,  and  hence  to  the  ground  line,  is 
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called  a  proJUe  plane.  This  plane  is  vertical  iu  position,  and  may 
be  used  as  a  plane  of  projection.  A  projection  on  the  profile  plane 
is  called  a  profile  view,  or  end  view,  or  sometimes  edge  view,  and 
is  often  required  in  machine  or  other  drawing  when  the  plan  and 
elevation  do  not  sufficiently  give  the  shape  and  dimensions. 

A  projection  on  this  plane  is  found  in  the  same  way  as  on  the 


Fig.  9. 

V  plane,  that  is,  by  perpendiculars   drawn  from  points  on  the 
object. 

Since,   however,  the   profile   plane   is   perpendicular  to  the 
groood  line,  it  will  be  seen  from  the  front  and  top  simply  as  a 
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straight  line;  in  order  that  the  size  and  shape  of  the  profile  view 
may  be  shown,  the  profile  plane  is  revolved  into  V  using  its  inter- 
section with  the  vertical  plane  as  the  axis. 

Given  in  Fig.  9,  the  line  A  B  by  its  two  projections  A*  B*'  and 
A'^  B\  and  given  also  the  profile  plane.  Now  by  projecting  the 
line  on  the  profile  by  perpendiculars,  the  points  A,*  B,''  and  B,'^  A,^ 
are  found.  Revolving  the  profile  plane  like  a  door  on  its  hinges,  all 
points  in  the  plane  will  move  in  horizontal  circles,  so  the  horizontal 
projections  A,'^  and  B,^  will  move  in  arcs  of  circles  with  O  as  center 
to  the  ground  line,  and  the  vertical  piojections  B,''  and  A,*'  will  move 
in  lines  parallel  to  the  ground  line  to  positions  directly  above  the 
revolved  points  in  the  ground  line,  giving  the  profile  view  of  the 
line  A^  B**.     Heights,  it  will  be  seen,  are  the  same  in  profile  view 

as  in  elevation.  By  referring  to 
the  rectangular  prism  in  the  same 
figure,  we  see  that  the  elevation 
gives  vertical  dimensions  and  those 
parallel  to  V,  while  the  end  view 
.  shows  vertical  dimensions  and 
those  perpendicular  to  V.  The 
profile  view  of  any  object  may  be 
found  as  shown  for  the  line  A  B 
by  taking  one  point  at  a  time. 

In  Fig.  10  there  is  repre- 
sented a  rectangular  prism  or 
block,  whose  length  is  twice  the 
width.  The  elevation  shows  its 
height.  As  tlie  prism  is  placed  at 
an  angle,  three  of  the  vertical  edges  will  be  visible,  the  fourth 
one  being  invisible. 

In  mechanical  drawing  lines  or  edges  which  are  invisible  are 
drawn  dotted.  The  edges  which  in  projection  form  a  part  of  the 
outline  or  contour  of  the  figure  must  always  be  visible,  hence 
always /wZ?  liiies.  The  plan  shows  what  lines  are  visible  in  eleva- 
tion, and  the  elevation  determines  what  are  visible  in  plan.  In 
Fig.  10,  the  plan  shows  that  the  dotted  edge  A  B  is  the  back  edge, 
and  in  Fig.  11,  the  dotted  edge  C  D  is  found,  by  looking  at  the 
elevation,  to  be  the  lower  edge  of  the  triangular  prism.    In  general, 


Fig.  10. 
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if  111  elevation  an  edge  projected  within  the  figure  is  a  back  edge, 
it  must  be  dotted,  and  in  plan  if  an  edge  projected  within  the 
outline  is  a  lower  edge  it  is  dotted. 

Fig.  12  is  a  circular  cylinder  with  the  length  vertical  and 
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Fig.  11. 

with  a  hole  part  way  through  as  bIiowu  in  elevation.  Fig.  18  is 
plan,  elevation  and  end  view  of  a  triangular  prism  with  a  square 
hole  from  end  to  end.  The  plan  and  elevation  alone  would  be 
insufficient  to  determine  positively  tlie  shape  of  the  hole,  but  the 
end  view  shows  at  a  glance  that  it  is  square. 

In  Fig.  14  is  shown  plan  and  elevation  of  the  frustum  of  a 
square  pyramid,  placed  with  its  l)ase  on  the  horizontstl  plane.  If  the 
fnistum  is  turned  through  30°,  as  shown  in  the  plan  of  Fig.  15, 
the  top  view  or  plan  must  still  be  the  same  shape  and  size,  and  as 
the  frustum  has  npt  been  raised  or  lowered,  the  heights  of  jill 
points  must  appear  the  same  in  elevation  as  l)efore  in  Fig.  14. 
The  elevation  is  easily  found  by  projecting  points  uj)  from  the 
plan,  and  projecting  the  height  of  tlie  top  horizontally  across  from 
the  first  elevation,  Ijecause  the  height  does  not  change. 

The  same  principle  is  further  illustrated  in  Figs.  16  and  17. 
The  elevation  of  Fig.  16  shows  a  square  prism  resting  on  one  edge, 
and  raised  up  at  an  angle  of  30°  on  the  right-hand  side.     The 
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plan  gives  the  width  or  thickness,  |  in.     Notice  that  the  length  of 
the  plan  is  gi-eater  than  2  in.   and   that   varying  the  angle  at 


Fig.  12. 


Fig.  13. 


which  the  prifm  is  slanted  would  change  the  length  of  the  plan. 
Now  if  the  prism  be  turned  around  through  any  angle  with  the 
vertical  plane,  the  lower  edge  still  being  on  H,  and  the  inclination 
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Fig.  16. 


of  80®  with  H  remaining  the  same,  the  plan  must  remain  the  same 
size  and  shape. 

If  the  angle  through  which  the  prism  be  turned  is  45®,  we 
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have  the  second  plan,  exactly  the  aame  ehape  and  size  as  the  first 
The  elevation  is  found  b;  projecting  the  cornei-s  oE  the  prism  ver 


tically  up  to  the  heights  of  the  same  points  in  the  first  elevation. 
All  the  other  points  are  found  in  the  same  way  as  point  No.  1. 


Three  positiona  of  a  rectangular  prism  are  shown  in  Fig.  17. 
In  the  fiist  view,  the  prism  stands  on  its  hase,  its  axis  therefore 
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is  parallel  to  the  vertical  plane.  In  the  second  position,  the  axis  is 
still  parallel  to  V  and  one  corner  of  the  base  is  on  the  horizontal 
plane.  The  prism  has  been  turned  as  if  on  the  line  l'^  I*'  as  an 
axis,  so  that  the  inclination  of  all  the  faces  of  the  prism  to  the 
vertical  plane  remains  the  same  as  before.  That  is,  if  in  the  fii'st 
figure  the  side  A  B  C  D  makes  an  angle  of  30^  with  the  vertical, 
the  same  side  in  the  second  position  still  makes  30^  with  the  yer- 


Fig.  18. 

tical  plane.  Hence  the  elevation  of  No.  2  is  the  same  shape  and  size 
as  in  the  first  case.  The  plan  is  found  by  projecting  the  corners 
down  from  the  elevation  to  meet  horizontal  lines  projected  across 
from  the  corresponding  points  in  the  first  plan.  The  third  posi- 
tion shows  the  prism  with  all  its  faces  and  edges  making  the  same 
angles  with  the  horizontal  as  in  the  second  position,  but  with  the 
plan  at  a  different  angle  with  the  ground  line.  The  plan  then  is 
the  same  shape  and  size  as  in  No.  2,  and  the  elevation  is  found  by 
projecting  up  to  the  same  heights  as  shown  in  the  preceeding 
elevation.  This  principle  may  be  applied  to  any  solid,  whether 
bounded  by  plane  surfaces  or  curved. 

This  [)rinciple  as  far  as  it  relates  to  heights,  is  the  Siime  that 
was  used  for  profile  views.  An  end  view  is  sometimes  necessary 
before  the  plan  or  elevation  of  an  object  can  be  drawn.  Suppose 
that  in  Fig.  18  we  wish  to  draw  the  plan  and  elevation  of  a  tri- 
angular prism  3*^  long,  the  end  of  which  is  an  equilateral  triangle 
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Fig.  10. 


1^*^  on  each  side.     The  prism  is  lying  on  one  of  its  three  faces  on 
H,  and  inclined  toward  the  vertical  plane  at  an  angle  of  30°.    We 

are  able  to  draw  the  plan  at 
once,  bee^iuse  the  width  will  h^ 
1|  inches,  and  the  top  edge  will 
be  projected  lialf  wayl)etween 
the  other  two.  The  length  of 
the  piism  will  also  be  shown. 
Before  we  candraw  the  elevation, 
we  must  find  the  height  of  the 
top  edge.  This  lieight,  however, 
must  be  equal  to  the  altitude  of 
the  triangle  forming  the  end  of 
the  prism.  All  that  is  necessary, 
then,  is  to  construct  an  equilat- 
eral triangle  1^  "  on  each  side,  and  measure  its  altitude. 

A  very  convenient  way  to  do  this  is  shown  in  the  figure  hy 
laying  one  end  of  the  prism  down  on  H.  A  similar  construction 
is  shown  in  Fig.  19,  but  with  one  face  of  the  prism  on  V  instead 
of  on  H. 

In  all  the  work  thus  far  the  plan  has  been  -drawn  below  and 
the  elevation  above.  This  order  is  sometimes  inverted  and  the 
plan  put  above  the  elevation. 

PLATES. 

PLATE  v.. 

The  plates  of  this  paper  should  be  laid  out  the  same  size  as 
the  plates  in  Part  I.  The  center  lines  and  border  lines  should  also 
be  drawn  as  shown. 

First  draw  two  ground  lines  across  the  sheet,  3  inches  below 
the  upper  border  line  and  3  inches  above  the  lower  border  line. 
The  first  problem  on  each  ground  line  is  to  be  placed  1  inch  from 
the  left  border  line  and  spaces  of  about  1  inch  should  be  left 
between  the  figures. 

Isolated  points  are  indicated  by  a  small  cross  x,  and  projec- 
iions  of  lines  are  to  be  drawn  full  unless  invisible.  All  construc- 
tion lines  should  be  fine  dotted  lines.  Given  and  required  lines 
shouVl  be  drawn  full. 
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Problems  on  upper  i^round  line; 

PROBLEM  1.  Locate  both  projections  of  a  point  on  the 
horizontal  plane  1  inch  from  the  vertical  plane. 

PROBLEM  2.  Draw  the  projections  of  a  line  2  inches 
long  which  is  parallel  to  the  vertical  plane  and  makes  an  angle  of 
45  degrees  with  the  horizontal  and  slants  upwaixl  to  the  right. 

The  line  should  be  1  inch  from  the  vertical  plane  and  the 
lower  end  ^  inch  above  the  horizontal. 

PROBLEM  3.  Draw  the  projections  of  a  line  IJ  inches 
long,  which  is  parallel  to  both  planes  1  inch  above  the  horizontal 
and  1^  inch  from  the  vertical. 

PROBLEM  4.  Draw  the  plan  and  elevation  of  a  line  2 
inches  long  which  is  parallel  to  H  and  makes  an  angle  of  80 
degrees  with  V.  Let  the  right-hand  end  of  the  line  be  the  end 
nearer  V,  ^  inch  from  V.     The  line  to  be  1  inch  above  H. 

PROBLEM  5.  Draw  the  plan  and  elevation  of  a  line  1^ 
inches  long  which  is  perpendicular  to  the  horizontal  plane  and  1 
inch  from  the  vertical.     The  lower  end  of  line  is  |  inch  above  H. 

PROBLEM  6,  Draw  the  projections  of  a  line  1  inch  long 
which  is  perpendicular  to  the  vertical  plane  and  1 J  inch  above  the 
horizontal.  The  end  of  the  line  nearer  V,  or  the  back  end,  is 
^  inch  from  V. 

PROBLEM  7.  Draw  two  projections  which  shall  represent 
a  line  oblique  to  both  planes. 

Note  :  Leave  1  inch  between  this  fig^ure  and  the  right-hand 
border  line. 

Problems  on  lower  i^round  line. 

PROBLEM  8.  Draw  the  projections  of  two  parallel  lines 
each  1^  inches  long.  The  lines  are  to  be  parallel  to  the  vertical 
plane  and  make  angles  of  60  degrees  with  the  horizontal.  The 
lower  end  of  each  line  is  ^  inch  above  H.  The  right-hand  end  of 
the  right-hand  line  is  to  be  2|  inches  from  the  left-hand  margin. 

PROBLEM  9.  Draw  the  projections  of  two  parallel  lines 
each  2  inches  long.  Both  lines  to  be  parallel  to  the  horizontal 
and  make  an  angle  of  30  degrees  with  the  vertical.  The  lower 
line  to  be  I  inch  above  H  and  one  end  of  one  line  to  be  against  V. 

PROBLEM  10.  Draw  the  projections  of  two  intersecting 
lines.    One  2  inches  long  to  be  parallel  to  both  planes  1  inch 
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above  H  and  |  inch  from  the  veitical,  and  the  other  to  be  oblique 
to  both  planed  and  of  any  desired  length. 

PROBLEM  11.  Draw  plan  and  elevation  of  a  prism  1  inch 
square  and  1  ^  inches  long.  The  prism  to  have  one  side  on  the 
horizontal  plane  and  the  long  edges  perpendicular  to  V.  The 
back  end  of  the  prism  is  ^  inch  from  the  vertical  phuic. 

PROBLEM  12.  Draw  plan  and  elevation  of  a  prism  the 
same  size  as  given  above,  but  with  the  long  edges  parallel  to  both 
planes,  the  lower  face  of  prism  parallel  to  11  and  -|  inch  above  it. 
The  back  face  to  be  ^  inch  from  V, 

PLATE  Vf. 

The  ground  line  is  to  be  in  the  middle  of  the  sheet,  and  the 
location  and  dimensions  of  the  figures  are  to  be  as  given.  The 
first  figure  shows  a  rectangular  block  with  a  rectangular  hole  cut 
thi'ough  from  front  to  back.  The  other  two  figures  repi-esent  the 
same  block  in  different  positions.  The  second  figure  is  the  end  or 
profile  projection  of  the  block.  The  same  face  is  on  H  in  all 
thi^e  positions.  Be  careful  not  to  omii  the  shade  lines,  and  tr^ 
to  see  why  each  one  is  put  on. 

PLATE  VIL 

Three  ground  lines  are  to  be  used  on  this  plate,  two  at  the 
left,  4^"  long  and  S*'  from  top  and  bottom  margin  lines,  and  one 
at  the  right,  half  way  between  the  top  and  bottom  margins,  9^*^ 
long. 

The  figures  1,  2,  3  and  4  are  examples  for  finding  the  true 
lengtlis  of  the  lines.  Begin  No.  1  | ''  from  the  border,  the  vertical 
projection  1|^  long,  one  end  on  the  ground  line,  and  inclined  at 
80**.  The  horizontal  projection  has  one  end  ^^  from  V  and  the 
other  11"  from  V.  Find  the  true  length  of  the  line  by  complet- 
ing the  construction  commenced  by  swinging  the  arc,  as  shown  in 
the  figure. 

Locate  the  left-hand  end  of  No.  2  3*^  from  the  border,  I*' 
above  H  and  ^"  from  V.  Extend  the  vertical  projection  to  the 
ground  line  at  an  angle  of  45°,  and  make  the  horizontal  projection 
at  30°.  Complete  the  construction  for  true  length  as  commenced 
in  the  figure. 
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In  figures  S  and  4  the  true  lengths  are  to  be  found  by  com- 
pleting the  revolutions  indicated.  The  left-hand  end  of  Fig.  8  is 
^^  from  the  margin,  1^"  from  V  and  1|^  above  H.  The  horizon- 
tal projection  makes  an  angle  of  60^  and  extends  to  the  ground 
line,  and  the  vertical  projection  is  inclined  at  45^, 

The  fourth  figure  is  3^  from  the  border  and  represents  a  line 
in  a  profile  plane  connecting  points  a  and  h.  a.  is  1^^  above  H 
and  I'  from  V,  and  h  is  ^'  above  H  and  1^'^  from  V, 

The  figures  for  the  middle  ground  line  represent  a  pentagonal 
pyramid  in  three  positions.  The  first  position  is  the  pyramid  with 
the  axis  vertical  and  base  |^  above  the  horizontal.  The  height 
of  pyramid  is  2^"  and  the  diameter  of  the  circle  circumscribed 
about  the  base  is  21".  The  center  of  the  circle  is  6'  from  the 
left  margin  and  1|*  from  V.     Spaces  between  figures  to  be  I''. 

In  the  second  figure  the  pyramid  has  been  revolved  about  the 
right-hand  comer  of  the  base  as  an  axis  through  an  angle  of  15^. 
The  axis  of  the  pyramid,  shown  dotted,  is  therefore  at  75®,  The 
method  of  obtaining  76®  and  15®  with  the  triangles  was  shown  in 
Part  I.  From  the  way  in  which  the  pyramid  lias  been  revolved, 
all  angles  \\ith  V  must  remain  the  same  as  in  the  first  -position, 
hence  the  vertical  jirojection  will  bo  the  same  shape  and  size  as 
before.  The  points  on  the  plan  are  found  on  T-square  lines 
through  the  comena  of  the  first  plan  and  directly  beneath  the 
points  in  elevation.  In  the  third  position  the  pyramid  has  been 
swung  around  about  a  vertical  line  through  the  apex  as  axis 
through  80°.  The  angle  with  the  hoiizontal  plane  remains  the 
same,  consequently  the  plan  is  the  same  size  and  shape  as  in  the 
second  position,  but  at  a  different  angle  with  the  ground  line* 
Heights  of  all  points  of  the  pyramid  have  not  changed  this  time, 
and  hence  are  projected  across  from  the  second  elevation. 
Shade  lines  are  to  be  put  on  between  the  light  and  daxk  surfaces 
as  determined  by  the  45®  tiiangle. 
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PART  III. 


WORKING  DRAWINGS. 

In  Mechanical  Drawing  Parts  I  and  II,  iDstruments  and 
materials  are  described  and  some  hints  given  regarding  the  use  of 
compasses,  line  pen,  triangles,  T-square,  etc.  In  addition,  the  gen- 
eral principles  upon  which  all  Mechanical  Drawing  depends,  are 
explained.  After  completing  this  work  the  student  should  be  able 
to  draw  neatly  and  accurately  and  apply  the  fundamental  principles. 

Let  us  now  take  up  the  subject  of  working  drawings  and  see 
how  the  principles  of  orthographic  projection  are  made  of  practical 
use.  We  shall  see,  as  we  go  on,  that  to  a  great  extent  the  theoreti- 
cal principles  already  learned  in  the  study  of  projections  are  used 
in  practical  working  shop  drawings.  Nevertheless,  there  are  cer- 
tain instances  in  which  actual  practice  differs  slightly  from  the 
theory. 

We  shall  also  find  that  all  draftsmen  do  not  follow  the  same 
customs  in  the  matter  of  minor  details,  but  that  in  many  cases 
there  are  several  ways  of  representing  objects,  all  of  which  may  be 
equally  correct,  one  draftsman  using  one  method  either  because  he 
prefers  it  or  because  it  best  serves  the  purpose  for  which  his  par- 
ticular work  is  being  done,  while  another  draftsman  uses  a  differ- 
ent method.  The  more  important  principles  and  customs,  however, 
are  pretty  well  established. 

A  study  of  thp  subject  of  working  drawings  should,  first, 
teach  us  the  methods  of  the  best  drafting  rooms;  second,  should 
train  our  judgment  to  decide  how  best  to  represent  the  particular 
object  which  we  have  to  draw;  third,  should  train  our  hand  and 
eye  to  make  a  clear,  neat  and  well-executed  drawing,  without 
imneoeesary  expenditure  of  time. 

Definition  of  Working  Drawing*  A  working  drawing  of  any 
object  is  a  drawing  which  completely  describes  the  object  in  every 
particular,  showing  its  form,  size,  material,  finish,  and  all  other 
details,  so  that  a  workman  may  take  the  drawing  and  without  any 
farther  instructions  make  the  object  exactly  as  the  draftsman  in- 
tended  it  to  be  made.  The  drawing  is,  therefore,  a  sort  of  lan- 
guage^ by  which  the  man  who  designs  the  object  describes  it  to  the 
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man  ^ho  is  to  make  it.  Fig.  1  shows  the  working  drawing  of  a 
bell  crank  lever.  The  drawing  itself  shows  the  shape  and  the 
dimensions  show  the  size. 

Aside  from  drawings  of  buildings,  etc,,  that  is  Architectnral 
drawings,  the  greater  part  of  the  working  drawings  which  are 
made  are  for  machines,  and  we  will  consider  chiefly  the  latter,  or, 
as  they  are  called,  machine  drawings.  These  drawings  are  almost 
always  orthographic  projections,  its  this  is  by  far  the  easiest  and 
best  way  to  represent  a  machine  or  a  part  of  a  machine.     Some- 


Fig.  1. 


times,  when  it  is  desired  to  give  a  sort  of  bird's-eye  view  of  a 
machine,  an  isometric  or  an  oblique  projection  is  made,  but  this 
method  involves  so  much  labor  that  it  is  seldom  used. 

Lines.  In  order  to  make  a  drawing  perfectly  clear,  and  to 
avoid  confusing  one  line  with  another,  different  kinds  of  lines  are 
used  for  different  purposes.  Fig.  2  shows  the  six  most  common 
kinds  used.  The  ordiDa,ry  full  Un-es  are  used  to  represent  visible 
lines  of  the  object  which  ia  being  drawQ. 
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The  invisible  lines  are  used  to  represent  lines 'of  the  object 
which  would  be  hidden  from  sight  if  a  person  looked  in  the  direc* 
tion  in  which  he  imagines  himself  to  be  looking  while  he  ii 
drawing  it. 

The  use  of  the  shade  lines  will  be  explained  later. 

Center  lines  are  used  to  connect  different  views  of  an  object, 
the  line  being  drawn  through  the  center  of  the  piece  and  extend- 
ing through  both  views.  Locations  of  holes  ai-e  usually  shown  by 
having  two  center  lines  drawn  at  right  angles  to  each  other 
through  their  centers,  and  the  position  of  these  center  lines  located. 
Wherever  a  dimension  is  to  be  given  to  the  center  of  a  piece  a 
center  line  is  drawn  through  the  piece  and  the  dimension  given 
to  this  line. 


FULL  LINB8 


—     INVISIBLE  LINKS 


8HADB  LINKS 


CKNTBR  LINKS 


DIMBNRION  LINl 


EXTENSION  LINKS 


Fig.    2. 

Extension  lines  are  sometimes  used  to  connect  two  views  of  a 
piece,  but,  wherever  it  is  possible  to  use  a  center  line,  instead,  the 
latter  is  prefei^able.  The  principal  use  of  extension  lines  is,  as  the 
name  implies,  to  extend  the  lines  of  the  object  so  as  to  give 
dimensions  between  them. 

Dimension  lines  are  used  in  giving  dimensions  from  one  line 
or  point  to  another. 

The  ordinary  lines  and  the  invisible  lines  should  be  made  of 
the  same  width;  the  shade  lines  should  be  made  considerably 
heavier,  and  the  center  lines,  extension  lines  and  dimension  lines 
should  be  lighter. 

Location  of  Views.  In  our  preceding  study  of  projections 
we  imagined  our  object  to  be  held  in  the  angle  formed  by  two 
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Hirough  the  transparent  plane  in  the  direction  indicated  by  arrow 
C,  and  on  the  V  plane  the  object  as  it  appears  when  looking  in 
direction  of  arrow  D.  Now,  when  the  two  planes  are  laid  oat 
flat,  the  top  view  is  above 
th»side  view,  asinFig.  t). 
Another  way  of  show- 
ing this  is  to  suppose  the 
object  to  be  located  in  a 
transparent  box,  and  that 
we  look  at  it  from  the  top 
and  the  various  sides  of 
the  box,  and  draw  on  these 
rides  the  object  as  it  ap- 
pears from  tliatside.  Then, 
if  the  sides  of  the  box  are 
Wrf  out  flat,  tiie  aide  view 
will  come  in  the  middle,  with  tlie  top  view  above,  the  view  of 
die  bottom  underneath,  the  view  of  the  right-hand  side  on  the 
right,  and  the  view  of  t^e  left-hand 
side  on  the  left. 

From  now  on,  in  our  work  on 
drawing,  we  shall  follow  this 
role. 

Cnus-secUons.  Very  often 
it  occurs  that  a  piece  is  hollow  and 
the  inside  construction  is  more  or 
less  complicated,  so  that  if  in  the 
drawing  the  outside  view  is  shown, 
with  the  invisible  interior  drawn 
in  dotted  lines,  the  latter  are  so 
confused  that  the  drawing  is  not 
easily  nnderatood.  For  this  reason 
it  is  often  convenient  to  imagine 
the  piece  to  be  cut  open,  and  to 
diaw  it  as  if  we  were  looking  directly  at  the  inside.  Such 
adimwing  of  a  {Hece  is  called  a  cross-section  of  the  piece.  The 
toiterial  which  must  be  cut  if  the  object  were  actually  split 
9gMk  it  tiien  crosafaatcbed,  difieient  kinds  of  crosshatching  being 
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used  for  different  materiabi.     Fig.   1    shows  the  hinds  of  croas- 
hatching  in  oidiiiary  use. 

Fig.  8  shows  a  plan  and  elevation  of  ft  simple  piece  with  a 
hole  through  it,  the  hole  being  shown  in  the  elevation  by  dotted 
lines.  Fig.  9  shows  a  plan  and  a  cixMs-section  of  the  same  piece, 
the  croBS-eection  being  drawn  as  if  we  were  looking  in  the  same 
direction  as  in  the  elevation  of  Fig.  8,  but  in  Fig.  9  the  front 
iialf  U  supposed  to  he  cut  away  and  we  are  looking  at  the  inside 
of  tlie  hack  lialf.     It  will  be  obeei-vcd  that  even   on  a  piece  as 


simple  as  the  one  here  shown,  the  sliape  of  the  interior  is  much 
cloaif  r  fn>n>  the  fross-8e*.'tii>n  tliuu  from  the  elevation,  and  on  a 
morw  i-ompUi-atwl  piii'e  the  sunie  will  be  true  to  n  greater  exteot. 

It  should  lie  borne  in  mind  that  onliiiarily  in  making  a  crosB- 
sei'tion  we  show  not  only  those  parts  of  the  object  which  lie  in 
the  plune  in  which  it  is  supiwsed  to  be  cut,  but  also  all  which  lie 
iML-k  of  that  itlane. 

S*>metinu-s  it  is  desirable  u.  show  the  iusiile  and  the  outside 

of  R  piece  on  the  sihiio  vi^w.     Fig.  10  sliows  the  same  piece  as  in 

»*^(',    8.  but  iu  Fig  10  the  left-hand  half  of  ihe  lower  view  is  an 

'  '•••'  ritrht^uuid  halt  is  a  cmes-isection.  the  section  and 
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oan  be  used  only  when  the  right-hand  and  leftrhand  halves  of  the 
piece  are  alike. 

5hade  Lines.  In  order  to  make  drawings  easier  to  read,  and 
to  make  the  parts  of  the  object  stand  out  more  clearly,  shade  lines 
are  often  put  on  the  di-awing.  The  general  principle  which 
determines  what  lines  shall  be  shade  lines  is  the  same  as  that 
which  governs  shade  lines  already  studied  under  the  subject  of 
projections.  If,  however,  this  theoretical  principle  were  to  be 
followed  out  exactly  on  drawings  of  machines,  and  other  compli- 
cated drawings,  it  would  involve  a  great  deal  of  time  and  labor. 


Fig.    8. 


Fig.    9 


Consequently,  most  draftsmen  place  shade  lines  on  all  lines  which 
represent  lower  and  right-hand  edges  if  these  edges  are  sharp. 

The  contour  lines  of  cylinders,  cones  and  other  rounded  sur- 
faces should  not  be  shade  lines,  although  some  draftsmen  shade  them. 
If  the  cylinder  is  drawn  in  cross-section,  however,  the  edge  should 
be  shaded,  as  the  intersection  of  the  plane  and  cylindrical  surface 
is  a  sharp  edge. 

All  views  are  shaded  alike,  and  both  are  shaded  as  though 
they  were  elevations.     The  ray  of  light  is  supposed  to  come  ovei 
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tho  left  shoulder  of  the  drafteman,  m  he  faces  the  paper,  at  sucli 
an  angle  that  the  projection  of  the  ray  of  light  on  the  drawing 
paper  ia  in  the  direction  of  the  arrow  in  Fig.  11. 


Fig.  10. 


Kg.  11. 


Figs.  11  to  18  show  8ome  of  the  most  common  shapes  met 
with  in  drawings,  and  illustrate  how  the  shade  lines  are  placed  on 
each.     Fig.  11  is  au  elevation,  plan,  and  side  view  of  a  rectangular 


Fig.  12. 


Fig.  13. 


prism  with  a  smaller  one  resting  on  top  of  it.  Fig.  12  is  a  plan 
and  side  view  of  a  rectangular  prism  with  a  rectangular  hole 
through  it.  It  is  to  be  noticed  that  the  shade  lines  come  on  the 
upper  and  left-hand  sides  of  the  hole,  since  these  lines  are  the 
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lower  and  right-hand  edges  of  the  material  which  surrounds 
the  hole.  Fig.  13  is  a  plan  and  side  view  of  a  rectangular  prism 
with  one  corner  rounded,  and  with  a  cylinder  resting  on  it.  Here 
the  lines  A  B  and  C  D  are  not  shaded,  since  they  are  the  contour 
lines  of  curved  surfaces.  In  the  plan 
view,  the  lower  right-hand  part  of  the 
circle,  between  X  and  Y,  is  shaded. 
To  find  these  points  X  and  Y,  draw  two 
lines  tangent  to  the  circle  and  making 
an  angle  of  45^  with  the  T-square  line 
as  shown  by  the  arrows ;  X  ietnd  Y  are 
the  points  where  the  arrows  are  tangent 
to  the  circle.  Fig.  14  is  a  plan,  eleva- 
tion and  cross-section  of  a  cylinder. 
Here,  in  the  plan,  the  larger  circle  is  shaded  on  the  lower  side, 
and  the  circle  which  represents  the  hole  is  shaded  on  the  upper 
side.  The  points  where  the  shade  begins  are  determined  as  ex- 
plained for  Fig.  13.     The  lines  M  N  and  O  P  are  shaded  since, 


Fig.  U, 


Fig.  15. 


Fig.  16. 


as  the  cylinder  is  supposed  to  be  cut  open,  these  lines  now  repre- 
sent sharp  edges.  Fig.  16  is  a  plan,  elevation  and  side  view  of  a 
hexagonal  prism  with  its  long  diameter  pamllel  to  the  bottom  of 
the  paper.  Fig.  16  is  the  same  except  that  here  the  short  diameter 
of  the  prism  is  parallel  to  the  bottom  of  the  paper.  Fig.  17  is  a 
plan  and  end  view  of  a  rectangular  block  with  a  wide  slot  of  the 
shape  HIJKMLON,  cut  through  it  lengthwise.  The  main 
point  to  which  attention  should  be  called  here   is  that  the  line 
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C  D  is  shaded,  although  the  slot  might  be  so  deep  that  the  light 
might  not  strike  in  there  because  of  the  shadow  of  the  projecting 
lip  marked  in  the  side  view  GUI.  Fig.  18  is  a  cross-section  and 
end  view  of  a  circular  cylinder  with  a  large  hole  extending  part 
way  through  and  a  smaller  hole  extending  the  rest  of  the  way. 
The  small  circle  in  the  end  view  is  shaded,  although  it  is  so  far  in 
that  no  light  could  strike  it. 

The  student  should  study  these  figures  carefully,  and  before 


A 
C 


B 
D 


Fig.  17. 

leaving  them  should  understand  what  each  figure  means  and  how 
the  shade  lines  are  determined,  so  that  when  he  meets  similar 
forms  in  machine  drawings  he  may  know  where  the  shade  lines 
should  be  placed. 

Dimensions.     In  giving  the  distance  from  one  line  to  another, 
a  dimension  line  is  drawn  between  the  two  lines  and  arrowheads 


Fig.  18. 

are  placed  at  each  end  of  the  dimension  line ;  the  points  of  the 
arrowheads  being  exactly  on  the  lines  to  which  the  measurement 
is  being  given.  At  a  convenient  place  between  the  arrowheads  a 
space  is  left  iii  the  dimension  line  for  the  figure. 

Fig.  19  is  a  plan  and  elevation  of  a  rectangular  piece  witb  a 


70 


MECHANICAL     DRAWING. 


13 


cylinder  on  the  center  of  its  upper  surface,  and  with  four  Iioles 
through  it ;  the  lioles  being  symmetrically  located  with  re8i>ect  to 
the  center  line  of  the  piece;  that  is,  the  holes  A  and  B  are  just  as 
far  above  the  center  line  E  F  as  C  and  D  are  below  it,  and  the 
holes  B  and  D  are  just  as  far  to  the  right  of  the  center  line  G  H 
as  A  and  C  are  to  the  left  of  it.  The  fact  that  the  cylinder  is  on 
the  center  of  the  rectangular  piece  is  shown  by  the  lines  E  F 
and  G  H  being  drawn 
through  the  center  of 
the  circle  in  the  plan 
view,  these  lines  being 
the  center  lines  both  of 
the  cylinder  and  of  the 
rectangular  piece.  If 
the  cylinder  were  not 
on  the  center,  two  other 
center  lines  would  be 
drawn  through  the  circle 
and  the  dimensions 
given  from  each  of 
these  lines  to  the  center 
lines  of  the  rectangular 
piece,  or  to  the  edges  of 
the  piece.  The  fact 
that  the  holes  are  sym- 
metric ally  located  is  V)oO 
shown  by  the  dimen-  I 
sions  being  given  be-  *- 
tween  the  center  lines 
of  the  holes  and  no 
dimensions  being  given  from  these  center  lines  to  tlie  center  lines 
of  the  piece. 

Fig.  20  shows  how  the  piece  might  be  dimensioned  if  the 
cylinder  were  not  on  the  center  of  the  rectangular  piece  and  the 
holes  were  not  symmetrically  located  with  respect  to  the  center 
of  the  rectangular  piece. 

If  the  centers  of  a  set  of  holes  are  so  located  that  a  circle  can 
be  di*awn  through  them,  w>»  always  locate  the  holes  by  drawing  a 


Fig.  19. 
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center  line  circle  through  their  centerti  and  giving  the  diameter  of 
this  circle,  and  if  no  other  dimension  than  this  is  given  for  the 
l(x:ation  of  the  lioles,  it  is  understood  that  they  are  equally  spaced 
around  this  circle.  Fig.  21  illusti-ates  this.  If  the  holes  are  not 
equally  spaced  aiound  tlie  circle,  they  may  be  located  as  shown  in 
Fig.  22. 

Diameters  of  circles,  and  of  arcs  of  circles  which  are  greater 
tliiin  semicircles,  should  be  given  mther  than  radii,  but  if  the  arc 
nf  the  circle  is  less  than  a  semicircle,  its  i-adius  should  be  given. 
Fig.  23  shows  how  this 
should  be  done  when 
the  radius  is  large 
enough  to  permit ;  but 
if  the  radius  is  small, 
or  the  dimensions  would 
interfere  with  other 
'-ut  parts  of  the  drawing,  it 
may  be  done  as  in 
Fig.  24. 

In  Fig.  23  a  small 

circle  is    drawn    (free 

^1^  I    band)  around  the  center 

I   I    about  which  the  arc  is 

*-^  drawn,  and  a  dimension 

line   carried     from    the 

edge  of  this  circle  to  the 

arc ;  an  arrowhead  being 

placed  on  the  arc,  and 

the  figures  placed  in  the 

dimension   line   in    the 

usual  way.     In  this  case 

it  is  not  necessary  to  put 

tlie  letter  It  (abbreviation  for  radius)  after  tlie  dimension.     In 

the  two  methods  shown  in  Fig.  24  the  R  should  be  placed  after 

the  figures. 

In  putting  dimensions  on  a  drawing,  the  figures  should  be 
placed  to  read  from  only  two  sides  of  the  paper,  usually  front  the 
bottom  for  dimension  lines  which  are  horizontal,  as  the  2^'  dimen- 
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non  in  Fig.  20,  and  from  the  right  band  for  dimension  lines  which 
are  Tertical,  as  the  2^'  dimension  in  the  same  figure.  Dimensions 
should  never  be  placed  on  center  lines  if  it  can  be  avoided. 

If  a  dimension  is  given  in  one  view  of  an  object,  the  same 
dimension  need  not  be  repeated  in  the  other  views. 

In  patting  on  fractions  it  is  better  to  have  the  line  which 


0 
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Fig.  ai. 

Pig.  22. 
Avides  the  numerator  and  denominator  of  the  fraction  extend  in 
the  same  directaon  as  the  dimensioa  line  rather  than  at  an  angle; 
that  is,  the  fraction  would  appear  thus,  J,  rather  than  */j,. 

Floiahed  Surfaces.    Since  a  working  drawing  is  not  only  to 


^ 


A  ~^\ 


Fig.  23.  Fig.  ». 

show  the  shape  and  size  of  the  object  which  it  represents,  but  is 
to  describe  it  completely,  it  is  essential  that  there  should  be  some 
means  of  distinguishing  between  the  surfaces  of  the  object  which 
are  to  be  left  rough  as  they  come  from  the  forge  or  from  the 
foondry,  and  the  surfaces  which  are  to  be  finished.    Any  surface 
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which  has  been  smoothed  off  in  a  lathe,  planer,  or  any  machine 
tool,  or  has  been  filed  or  scraped,  is  called  a  finished  surface,  and 
is  indicated  on  a  drawing  by  a  letter  placed  on  the  edge  view  of 
this  surface.  In  Fig.  19  the  whole  of  the  cylindrical  part  is 
finished,  also  the  top  of  the  rectangular  part.  The  holes  are  also 
finished.  The  student  should  notice  carefully  how  the  finish 
marks  are  used  to  indicate  this  fact. 

If  a  piece  is  to  be  finished  all  over,  it  should  be  marked  "/ 
all  over."  If  it  is  desired  to  specify  what  kind  of  finish  is  to  be 
put  on  a  surface,  that  is,  whether  rough  turned,  smooth  turned, 
filed,  scraped,  etc.,  a  note  may  be  made  to  that  effect. 

On  some  conspicuous  place  on  the  drawing  the  words  "/ 
means  finish "  should  be  printed,  so  that  there  may  be  no  mis* 
understanding  on  the  part  of  a  person  examining  the  drawing. 

Material.  The  material  of  which  the  piece  is  to  be  made 
should  be  indicated  plainly.  If  any  part  of  the  drawing  is  a 
cross-section,  the  crosshatching  might  show  the  material,  provided 
that  in  some  conspicuous  part  of  the  drawing  a  sample  of  the 
crosshatching  is  shown  and  the  material  which  it  represents  is 
stated.  It  is  better,  however,  to  mark  on  or  near  each  piece,  in 
plain  letters,  the  material  of  which  it  is  to  be  made. 

Conventional  Methods.  In  drafting,  as  in  many  other  kinds 
of  work,  all  unnecessary  labor  should  be  avoided.  The  drawing 
should  give  the  instructions  clearly,  but  need  not  be  so  elaborate 
as  to  require  unnecessary  time  in  the  execution.  It  frequently 
happens  that  if  an  exact  drawing  were  made  representing  every 
line  of  the  object,  a  great  deal  of  time  would  be  required.  Accord- 
ingly, if  there  is  any  way  of  representing  an  object  by  a  few  lines 
only,  without  sacrificing  clearness,  it  should  be  used.  There  are 
many  details  such  as  screw  threads,  springs,  bolts,  etc.,  which  occur 
so  frequently  on  nearly  all  drawings  that  easy  methods  of  repre- 
sentation have  been  universally  adopted.  In  some  cases,  these 
ways  of  representing  objects  are  approximations  of  the  exact  draw- 
ings and  in  other  cases  they  are  not.  Such  methods  are  called 
conventional  methods,  or  conventions.  For  some  details  there  is 
more  than  one  convention*  but  the  same  convention  should  not  be 
used  *•  *    'M  several  objects  of  the 
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BUne  kind  on  the  Bame  drawing  be  represented  coaventioQally  by 
two  different  methods. 

Screw  Threads.  The  exact  drawing  of  screw  threads  is  a  diffl- 
enlt  port  of  mechanical  drawing,  bnt  enoogh  attention  will  be  |^ven 
it  here  to  enablo  tho  student  to  make  a  Bimple  working  drawing 
which  includes  threads.  The  common  conventional  way  of  draw* 
ing  a  thread  is  shown  in  Figs.  25,  26  and  27,  p'ig.  25  being  a 
Vngle  right-hand  thread,  and  Fig.  26  a  doable  right-hand  thread. 


P  EB 


Fig.  26. 

First,  the  plain  cylindrical  piece  ABCD  ia  drawn  aa  if  there  were 
no  threads  npon  it.  The  thread  is  then  indicated  by  the  lines  EC, 
FH,  etc.,  with  the  shorter  and  heavier  lines  between.  The  lighter 
lines  are  all  parallel  and  the  same  distance  apart.  Thia  distance  is 
not  Decessarily  the  same  as  the  actual  pitch  of  the  thread  on  the 
screw  itaelf,  but  is  usually  -^  inch  or  ^  inch  on  drawings  of  com- 
mon sizes  of  bolts.  The  heavy  lines  are  parallel  to  the  lighter 
ones  and  midway  between  them.  The  angle 
which  the  lines  make  with  the  center  line  of 
the  screw  depends  on  the  distance  apart  of 
the  lines,  the  slant  being  snch  that  for  a 
single  thread,  Fig.  25,  a  line  perpendicular 
to  ^e  center  line  through  one  end  of  one  of 
the  lighter  lines,  aa  £,  will  atrike  the  oppo- 
site  contour  of  the  screw  DC,  at  a  point  K,  '^'     ' 

which  is  half  way  between  C  and  H.  To  draw  the  lines  so  that 
th^  will  have  this  slant,  choose  the  distance  FE,  which  ia  to  rep- 
resent the  pitch,  and  space  it  off  on  either  of  the  contour  linea, 
u  AB,  starting  anywhere  (in  the  figure  the  starting  point  E  ia 
(Hte-half  of  the  distance  FE  away  from  B).    Nest,  draw  EK  per. 
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pendiciilar  to  tlie  center  line,  thus  finding  point  K,  and  start  the 
spacing  on  the  contour  CD  at  a  distance  either  side  of  K  equal 
to  JFE. 

The  lighter  lines  can  thus  be  drawn  and  the  heavy  lines  put 
in  parallel  and  half  way  between.  The  heavy  lines  should  be  a 
little  shorter  than  the  others,  and,  for  the  sake  of  neatness,  all 
should  be  of  the  same  length.  The  double  thread,  Fig.  26,  is 
drawn  similarly  to  the  single  thread,  except  that  the  slant  is  such 
that  the  perpendicular  through  £  will  pass  through  H. 

After  a  little  practice  the  student  can  draw  the  threads  in  this 
way  with  his  triangles,  getting  the  proper  slant  and  the  angle 
spacing  by  eye,  without  the  necessity  of  measuring;  he  should 
practice  with  this  end  in  view,  for  threads  occur  so  frequently  on 
drawings  that  the  draftsman  must  be  able  to  draw  them  rapidly. 


Fig.  28. 

Notice  should  be  taken  of  the  fact  that  if  the  page  be  held  so 
that  the  center  lines  of  the  screws  in  Figs.  25  and  26  are  vertical, 
the  lines  which  represent  the  threads  slant  downward  from  right 
to  left.  If  the  thread  is  left-handed  the  lines  slant  from  left  to 
right,  as  in  Fig.  27. 

In  case  of  a  long  screw  a  few  threads  may  be  represented  at 
each  end  and  plotted  lines  carried  the  rest  of  the  way,  as  in  Fig.  28, 

On  any  drawing  of  a  screw  which  is  intended  for  a  working 
drawing,  the  pitch  of  the  thread,  or  more  commonly  the  number 
of  threads  for  an  inch  of  length  should  be  specified;  when  the 
thread  be  standard,  it  is  not  always  necessary  to  specify.  Even  in 
that  case  it  is  well  to  state  the  fact  that  the  thread  is  standard.  In 
giving  the  number  of  threads  per  inch  it  may  be  abbreviated,  thus 
12  THDS,  or  12  TH.   Examples  of  this  will  occur  in  what  follows. 

Threaded  Holes  and  Invisible  Tlireads.  Fig.  29  ahows  a 
piece  with  a  threaded  hole  in  it.  The  hole  is  represented  in  the 
side  view  by  the  four  parallel  dotted  lines.  The  distance  apart  of 
the  two  outer  lines  is  equal  to  the  diameter  of  the  piece  which  is 
to  be  screwed  ip^*^  "    ^olew   The  inner  lines  are  at  a  distance  from 
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the  outer  approximately  equal  to  the  depth  of  the  thread.  In  the 
plan  view  of  the  piece  (that  is,  the  view  looking  at  the  end  of  the 
hole)  the  hole  is  shown  by  a  full 
circle  of  a  diameter  equal  to  the 
distance  apart  of  the  inner  dotted 
lines  of  the  other  view,  and  around 
this  full  circle  a  dotted  circle  whose 
diameter  is  equal  to  the  diameter 
of  the  bolt;  or,  in  other  words, 
equal  to  the  distance  apart  of  the 
outer  dotted  straight  lines.  The 
dimension  might  be  given  on  either 
view.  In  the  figure  it  is  given  on 
the  side  view.  In  giving  the 
diameter  of  a  threaded  hole,  the 
diameter  of  the  piece  which  is  to  be 
screwed  into  the  hole  is  always 
given.  In  Fig.  29,  the  number  of  threads  per  inch  is  not  stated, 
%nd  in  this  case  it  would  be  understood  to  be  stpndard.  Fig.  30 
shows  another  way  of  dimensioning  a  tapped  hole,  which  is  satis- 
factory and  convenient. 


Fig.  29. 
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Pig.  30. 


Fig.  31  shows  the  side  view 
of  the  same  piece  as  Fig.  29, 
with  a  part  of  the  screw  inserted 
in  the  hole.  Attention  is  called 
to  the  fact  that  where  the  screw 
is  hidden  as  it  goes  through  the 
hole  the  thread  is  not  shown, 
the  parallel  dotted  lines  repre- 
senting the  thread  in  the  same 
manner  as  when  the  hole  had  no 
screw  in  it.  Another  point  to 
be  noted  is  that  the  cross-hatch- 
ing  of  the  broken  ends  for 
wrought  iron  is  similar  to  the 
representation    of    the     screV 


thread  and  one  must  learn  to   judge   when  the  light  and  heavy 
lineB  mean  a  thread  and  when  they  are  cross-hatching. 
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Threads  in  Sectional  Pieces.  Figs.  82,  33  and  34  illnstrate 
the  common  method  of  representing  threads  when  they  occur  on 
pieces  which  are  drawn  in  cross-section.  Fig.  32  is  the  same 
piece  as  Fig.  29,  shown  cross -sect  loned.  The  front  halt  of  the 
piece  is  supposed  to  be  removed 
and  we  are  looking  at  the  back 
half.  Now  the  thread  on  the 
back  side  of  a  screw  slants  the 
opposite  way  from  what  it  does 
on  the  front  side,  and  of  coarse 
the  same  is  true  of  the  thread  in 
a  tapped  hole.  Conseqaently, 
since  it  is  the  back  side  of  the 
hole  which  is  seen,  the  slant  of 
the  lines  which  represent  tlie 
thread  is  opposite  to  the  direc< 
tioD  they  woold  hare  were  we 
looking  at  the  front  side  of  the 
screw  which  goes  into  the  hole.  We  have  jast  learned  that  for  a 
right.handed  thread  on  a  screw  the  lines  slant  downward  from 
right  to  left,  and  therefore  for  a  right-handed  thread  seen  on  the 
back  side  of  a  tapped  hole,  the  lines  will  slant  downward  from 
left  to  right.  In  other  words,  for  a  right-handed  thread  in  a  hole 
which  comes  in  a  cross -section,  the  lines  slant  the  same  as  they 
would  on  the  front  of  a  left-hand 
thread  on  a  bolt;  and  for  a  left-  __— _^ 
hand  thread  in  a  sectioned  hole,  \^\^. 
he  slant  is  the  same  as  for  a  ^^^  «^ 
right-hand  thread  on  a  bolt.         [jyiy^y^yr" 

Fig.  33  is  a  piece  which  has 
a  smooth  hole  through  it  and  a  Fig-  32, 

thread  on  the  outside.  Here  the  entire  thread  is  invisible,  except 
at  the  contour  of  the  cylinder,  and  must  be  indicated  by  the 
notches.  These  are  drawn  by  spacing  off  the  distance  which  is 
used  for  the  pitch  and  from  the  points  thus  found  drawing  lines 
with  the  triangle  which  make  an  angle  of  GO  degrees  with  the  axis 
of  the  cylinder.  For  a  single  thread  the  notches  on  one  side  have 
iheir  outer  points  opposite  the  inner  points  of  the  notches  on  tlie 
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other  side.     For  a  double  thread  the  notches  are  directly  opposite 
each  other. 

Fig.  34  shows  two  ways  of  quarter-sectioning  a  threaded 
piece,  the  only  difference  being  that  on  one  the  contour  of  the 
sectional  part  is  drawn  a  straight  line,  while  on  the  other  the 
contour  is  notched.  Either  one  may  be  used.  Tho  straight 
contour  can,  of  course,  be  drawn  much  more  quickly  and  in  places 
where  there  is  no  danger  of  sacrificing  clearness  it  should  be  used 
for  that  reason.  If  the  drawing  is  somewhat  complicated,  so  that 
without  the  notches  it  might  not  be  quite  clear  that  the  piece  was- 
threaded,  the  notches  should  be  used. 


Fig.  33. 


Fig.  34. 


As  has  already  been  suggested,  the  student  will  doubtless 
find  many  other  customs  in  the  matter  of  drawing  threads  which 
are  quite  as  good  as  the  above.  These  have  been  given  as  ones 
which  are  common,  and  easily  drawn.  As  a  matter  of  convenience 
the  following  tables  are  given,  which  show  the  number  of  threads 
per  inch  on  some  of  the  most  common  sizes  of  bolts,  according  to 
the  standard  adopted  by  the  United  States  Government,  and  the 
Whitworth  or  English  standard. 

UNITED  STATES  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

of  Bolt 

per  Inch. 

1 

20 

A 

18 

f 

16 

A 

U 

i 

13 

A 

12 

Diameter 
of  Bolt. 


Threads 
per  Inch. 


1 


11 

10 
9 

8 

7 

7 


Diameter 
of  Bolt. 


1'^ 

li 

1| 

1! 
li 

2 


Threads 
per  Inch. 


6 
6 

5 
5 
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WHITWORTH  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

Diameter 

Threads 

Diameter 

Threads 

of  Bolt. 

per  Inch. 

of  Bolt. 

per  Inch. 

of  Bolt 

per  Inch. 

i 

20 

8 

11 

If 

6 

r% 

18 

1 

10 

H 

n 

6 

8 

16 

8 

9 

5 

t'« 

U 

1 

8 

li 

5 

i 

12 

n 

7 

H 

H 

0 

12 

li 

7 

2 

^ 

Bolts  and  Nuts.  Among  the  most  common  pieces  of  ma* 
chinery  are  bolts  and  nuts,  and  the  draftsman  has  frequent  occasion 
to  draw  them.  Fig.  35  is  a  conventional  drawing  of  a  ^-inch  bolt 
with  a  hexagonal  head  and  nut.  This  figure  shows  the  dimensions 
necessary  to  be  given  in  order  that  a  workman  shall  be  able  to 


make  the  bolt  from  the  drawincr. 


t* 


X 


Beginning  with  the  head  of  the  bolt,  let  us  study  the  various 
parts  of  this  drawing  in  detail.  The  head  is  a  hexagonal  prism  the 
end  of  which  has  been  chamfered.  We  might  expect  that  two 
views  of  the  head  would  be  necessary  to  completely  define  its  shape, 
but  the  letters  HEX  printed  after  the  dimension  for  the  diameter 
of  the  head  indicates  that  it  is  hexagonal.  In  like  manner,  if  the 
liead  were  square  the  letters  SQ  would  be  placed  after  the  dimen* 
sion.  If  two  views  were  drawn,  they  would  appear  as  in  Fig.  36 
The  head  is  drawn  as  if  the  tool  which  cut  the  chamfer,  cut  off  just 
the  corners  of  the  top,  so  as  to  make  the  top  a  circle  tangent  to  the 
sides  of  the  hexagon  at  B,  E,  6,  etc.;  the  parts  BCE,  £FG,  etc.. 
being  portioiu>  ^^  ^'^  snliera  acoording  to  the  manner  of 

cha'  "^'F  are  tangent  to  the  line 
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Fig.  36. 


GK  in  the  side  view,  and  the  lines  AJ,  CD,  and  FH  are  all  equal 
in  length.  The  curves  ABO  and  CEF  are  properly  the  lines 
of  intersection  of  a  cone  or  sphere,  as  the  case  may  be,  with  the 
hexagonal  prism,  but  a  convenient  and  sufficiently  accurate  way  of 
drawing  them  is  by  arcs  of  circles  with  the  centor  on  the  line  HJ, 
half  way  between  HD  and 
DJ,  as  indicated.  Thecham- 
fer  is  represented  in  the  end 
view  by  a  circle  inscribed  in 
the  hexagon. 

It  will  be  noticed  that  in 
Fig.  35  that  view  of  the  head 
is  given  which  shows  two 
faces  of  the  prism,  so  that 
the  shortest  dimension  of  the 
hexagon  is  given.  That  is, 
the  view  is  taken  in  the  direction  of  the  arrow  L,  Fig.  80,  instead 
of  in  the  direction  of  the  arrow  M. 

This  rule  should  be  followed  on  all  detail  drawings.  The  case 
when  it  is  desirable  to  give  a  view  in  the  direction  of  the  arrow  M 
will  be  discussed  later. 

Sometimes  it  is  desired 
to  represent  the  chamfer  as 
being  greater,  as  in  Fig.  37. 
To  do  this,  draw  the  end  view 
0  of  the  hexagon  and  inside 
it,  of  a  diameter  as  much 
smaller  as  desired,  draw  the 
circle  PNLO.  Next  draw 
the  side  view  of  the  hexa- 
gonal  prism  as  if  there  were 
no  chamfer,  as  shown  at  the  right  (partly  in  dotted  lines).  Then 
from  P  and  L,  the  upper  and  lower  points  of  the  circle  in  the 
other  view,  draw  lines  perpendicular  to  KS  and  meeting  it  at  P 
and  L.  From  P  and  L  draw  PG  and  LE,  either  at  an  angle  of 
45  d^rees  or  80  degrees  (the  latter  being  preferable)  with  ES, 
and  meeting  the  lines  EH  and  SJ  at  G  and  K.  Join  G  and  K 
\fj  a  oonstmction  line  GK  (shown  dotted  but  not  to  be  left  in  the 
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tangent  to  this  line  with  rodias  B  eqaal  to  one-half  of  A.  The 
lines  EF  are  then  drawn  as  explained  for  Fig.  41. 

Beferring  again  to  Fig.  35,  the  dimension  which  shows  the 
length  of  the  bolt  under  the  head  should  be  given  to  the  extreme 
point  of  the  bolt,  as  should  also  the  dimension  which  shows  how 
much  of  the  bolt  is  threaded. 

Most  of  the  bolts  in  common  nse  are  made  of  standard  sizes, 
that  is,  for  a  certain  diameter  of  bolt  there  is  a  corresponding 
standard  diameter  and  thickness  for  the  head  and  the  nut,  and  a 
standard  number  of  threads  per  inch,  so  that  if  the  bolt  which  the 


Fig.  42. 

draftsman  wishes  to  use  has  these  standard  dimensions  they  m»y 
be  omitted  from  the  drawing  and  a  note  made  that  the  bolt  is 
standard.  Then  the  only  dimensions  necessary  to  be  given  are  the 
diameter,  the  length  under  the  bead,  and  the  length  of  the  threaded 
part. 

The  following  tables  give  the  United  States  standard  sizes  of 
square  and  hexagonal  heads  and  nuts  for  bolts.  The  columns 
headed  "  "Width  of  Nut "  and  "  "Width  of  Jlead  "  give  the  shortest 
dimension  of  the  squaro  or  hexagon,  that  is,  the  diameter  of  the 
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inscribed  circle.    The  standard  number  of  threads  per  inch  can  be 
found  from  the  table  already  given. 

SQUARE  BOLT  HEAD5.   U.  5.  STANDARD  (Franklin  Institute). 


Dia.  of 

Width  of 

Thickness 

Dia.  of 

Width  of 

Thickness 

Bolt 

Head. 

of  Head. 

Bolt 

Head. 

af  Head. 

i 

i 

i 

1 

18 

1  « 

» 

1  9 

It 

1 1 

H? 

sv 

Tt 

ys 

•  i^ 

H 

AT 

1 

n 

u 

U 

2 

1 

-^ 

n 

n 

2t*. 

lA 

i 

1 

l'« 

ij 

2f 

lA 

tV 

ir 

n 

11 

2A 

lA 

lA 

11 

ii 

2| 

M« 

1 

U 

f 

i| 

2fJ 

m 

i 

It'. 

n 

2    . 

3i 

lA 

HEXAGON  BOLT  HEADS.  U.  S.  STANDARD  (Franklin  Institute). 


Dia.  of 

Width  of 

Thickness 

Dia.  of 

Width  of 

Thickness 

Bolt. 

Head. 

of  Head. 

Bolt 

Head. 

of  Head. 

i 

i 

k 

1 

If 

u 

A 

■H 

n 

15 

HI 

H 

1 

1  1 

16 

■i 

U 

2 

1 

t'. 

11      ' 

u 

18 

2tV 

lA 

i 

i 

tV 

H 

21 

ItV 

T*. 

II 

Ii 

l§ 

2A 

lA 

1 

ItV 

u 

11 

21 

If 

1 

^t- 

1 

13 

2f| 

m 

i 

ItV 

If 

2 

H 

lA 

SQUARE  AND  HEXAGON  NUTS.     U.  S.  STANDARD 

(Franklin  Institqte). 


Dia.  of 

Width  of 

Thickness 

Dia.  of 

Width  of 

Thickness 

Bcdt 

of  Nut 

of  Nut 

Bolt 

Nut 

of  Nut 

i 

i 

k 

1 

1| 

1 

A 

« 

t« 

n 

iH 

n 

1 

H 

1 

U 

2 

li 

•    ^ 

H 

A 

1? 

2A 

ig 

i 

i 

i 

2§ 

u 

A 

H 

* 

IS 

Ig 

2iV 

li 

! 

lA 

1 

li 

21 

1| 

U 

1 

l| 

2U 

13 

i 

ItV 

i 

2 

3J 

2 
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Pipes  and  Pipe  Threads.  The  various  kinds  of  pipe  m  com- 
moQ  use  are  made  to  standard  sizes,  and  as  the  draftsman  very 
often  comes  in  contact  with  piping  we  will  consider  it  briefly. 
The  kinds  most  often  used  are  wrought-iron  or  steel  pipe,  brass 
pipe  made  to  the  size  of  wrought-iron  pipe,  and  cast-iron  pipe_ 
The  cast-iron  pipe  is  made  of  different  weights  and  form,  accord- 
ing to  the  purpose  for  which  it  is  to  be  used.  Standard  weight 
iron  pipe  is  rated  by  its  nominal  inside  diameter,  although  the 
actual  diameter  does  not  in  most  cases  quite  agree  with  the  Dom< 
inal  diameter.  A  |-inch  pipe  is  a 
pipe,  the'  hole  in  which  is  sup- 
posed to  be  J  inch  in  diameter, 
but  if  carefully  measured  it  will 
be  found  to  be  a  few  hundredths 
of  an  inch  larger. 

The  threads  on  pipes  and  pipe 
fittings  are  also  made  to  standard; 
taps  and  dies  are  made  for  varioas 
sizes  of  pipe.  These  taps  and  dies 
are  spoken  of  or  described  by  stat- 
ing the  size  of  the  pipe  for  which 
they  are  intended  For  example, 
a  ^-inch  pipe-tap  is  a  tap  of  the 
proper  size,  shape,  and  number  of 
threads  per  inch  to  cut  the  thread 
in  a  hole  to  receive  a  ^-inch  pipe. 
Threaded  holes  are  made  tapering  for  pipes,  the  standard  taper 
being  |  inch  per  foot,  that  is,  the  diameter  of  the  hole  decreases 
at  the  rate  of  |  inch  per  foot.  In  representing  a  hole  which  is 
threaded  with  a  pipe  tap,  the  hole  is  drawn  of  a  diameter  at  its 
larger  end  about  equal  to  the  outside  diameter  of  the  pipe  which 
is  to  be  screwed  into  it,  and  ia  drawn  tapering.  It  is  well  to  make 
the  taper  considerably  greater  than  the  actual  taper,  so  that  the 
person  looking  at  the  drawing  may  see  at  a  glance  that  the  hole  is 
for  a  pipe. 

The  thread  is  indicated  in  one  of  the  conventional  ways 
previously  explained,  but  the  number  of  threads  per  inch  and  the 
diameter  of  die  hole  need  not  be  given;  ipstead,  a  note  is  made 
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that  the  hole  is  tapped  for  a  certain  size  pipe.     Fig.  43  illastrates 
this. 

The  following  tables  of  standards  for  wrought-iron  pipe  may 
be  found  convenient: 

STANDARD  SIZES  OF  WROUGHT  IRON  PIPE. 


Nominal  Size. 

i 

i 

f 

i 

1 

1 

U 

1* 

2 

Actual  Inside 
Diameter. 

.27 

.364 

.494 

.623 

.824 

1.048 

138 

1.611 

2.067 

Outside 
Diameter. 

.405 

.54 

.675 

.84 

1.05 

1315 

1.66 

1.90 

2376 

Nominal  Size. 

2J 

3 

3J 

4 

4} 

5 

6 

7 

8 

Actual  Inside 
Diameter. 

2:468 

3.067 

3.548 

4.026 

4.508 

5.045 

6.065 

7.023 

7.962 

Outside 
Diameter. 

2.875 

3.50 

4.00 

4.50 

5.00 

5.563 

6.625 

7.626 

8.625 

STANDARD  THREADS  FOR  WROUGHT  IRON  PIPE. 


Nominal 
Size  of  Pipe. 

i 

18 

§ 

i 

1 

1 

u 

u 

2 

Threads  per 
Inch. 

27 

18 

14 

14 

• 

llj 

llj 

UJ 

111 

Nominal 
Size  of  Pipe. 

2} 

3 

3} 

4 

4J 

5 

5J 

7 

8 

Threads  per 
Inch. 

8 

8 

.  8 

8 

8 

8 

8 

8 

8 

5cale  Drawings.  When  the  object  which  is  to  be  drawn  l3 
not  so  large  but  that  it  can  be  easily  actual  size,  or  full  size  as  it 
is  called,  on  a  sheet  of  paper  which  is  of  convenient  dimensions, 
it  is  well,  usually,  to  draw  the  piece  full  size.  In  most  cases, 
however,  the  machine,  or  the  building,  or  whatever  is  to  be  drawn 
is  so  large  that  it  would  be  impossible  to  draw  it  full  size.  Then 
the  drawing  is  made  to  some  reduced  scale,  that  is,  all  the  di- 
mensions are  drawn  smaller  than  the  actual  dimensions  of  the 
object  itself;  all  dimensions  being  reduced  in  the  same  proportion. 
For  example,  if  a  piece  is  to  be  drawn  half  size,  the  distance  from 
one  point  to  another  on  the  drawing  would  be  one-half  what  it  is 
on  the  piece  itself;  if  the  dra^nng  is  one-fourth  size,  the  distance 
on  the  drawing  would  be  one-fourth  what  it  is  on  the  piece  itself, 
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and  80  on.  In  dimensioning  such  a  drawing  the  dimension  which 
is  written  on  the  drawing  is  the  actual  dimension  of  the  piece, 
and  not  the  distance  which  is  measured  on  the  drawing.  This 
Eact  must  be  very  clearly  understood  by  the  student. 

The  common  method  of 
reducing  all  the  dimen- 
sions in  the  same  propor- 
tion is  to  choose  a  certain 
distance  and  1»t  that  dis- 
tance  represent  one  foot, 
this  distance  is  then  di- 
vided into  twelve  parts 
and  each  one  of  these  parts 
represents  an  inch;  then 
if  half  and  quarter  inches 
are  required  these  twelfths 
are  subdivided  into  halves, 
quarters,  etc.,  until  the 
subdivisions  become  so 
small  that  they  cannot  be 
used.  We  now  have  a 
scale  which  represents  the 
common  foot  rule  with  its 
subdivisions  into  inches 
and  fractions;  but  our  new 
foot  is  smaller  than  the 
ordinary  distance  which 
we  call  a  foot,  and  of 
course  its  subdivisions  are 
proportionately  smaller. 
When  we  make  a  measure- 
ment on  the  drawincr  we 
make  it  with  our  reduced 


SCALE-3-r' 


Fig.4i. 


foot  rule  and  when  we  make  a  measurement  on  the  machine  itself 
we  make  it  with  the  common  foot  rule. 

Draftsmen's  scales  can  be  bought  which  have  different  dis* 
tances  thus  divided,  so  that  if  the  draftsman  wishes  to  draw  a 
piece  one-fourth  size  he  looks  over  his  scale  until  he  finds  a  dis- 
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tance  of  three  inches  (which  is  of  course  one-fourth  of  a  foot) 
divided  as  explained  above,  and  he  uses  this  to  measure  with  on 
his  drawing.  Ilis  drawing  would  then  be  made  to  a  scale  of 
three  inches  to  the  foot.  In  the  same  way,  if  he  wishes  to  make 
his  drawing  one-twelfth  size  he  finds  on  his  scale  one  inch  divided 
into  twelfths  and  fractions  of  twelfths  and  uses  this  as  his  standard 
of  measurement;  if  he  wishes  to  make  his  drawing  one  forty, 
eighth  size  he  uses  a  quarter  inch  with  its  subdivisions.  Some- 
times if  the  piece  to  be  drawn  is  very  small,  the  drawing  is  made 
at  an  enlarged  scale,  such  as  twice  size,  three  times  size,  etc. 

The  mistake  of  choosing  the  wrong  distance  to  use  on  a  scale 
is  often  made.  For  example,  if  he  wishes  to  draw  a  piece  J  size, 
he  will  look  over  his  scale  for  a  place  marked  ^,  and  use  this  for 
his  standard  for  J  size,  which  is  ^vong.  The  figure  on  the  scale 
indicates  the  distance  which  is  divided  up  to  represent  one  foot,  so 


Fig.  45.  Fig.  46. 

that  the  part  of  the  scale  which  has  ^  marked  on  it  means  that  ^ 
of  an  inch  is  divided  up  into  twelfths,  or  in  other  words,  if  a  draw- 
ing  is  made  according  to  that  scale  it  will  be  -^V^^  ^^^^* 

Every  drawing  which  is  made  at  any  other  scale  than  full 
size  should  have  the  scale  marked  on  it  plainly. 

Fig.  44  shows  a  piece  drawn  to  a  scale  of  3  inches  per  foot, 
that  is,  ^  size. 

Lons:  Pieces.  A  piece  which  is  very  long  in  proportion  to  its 
diameter  or  width  is  often  difficult  to  draw  complete,  especially  if 
there  is  much  detail  to  any  part  of  it,  for  if  the  scale  is  made  so 
small  that  the  length  will  go  on  a  sheet  of  paper  of  convenient  size 
the  small  part  is  so  reduced  that  it  is  very  small.  If  such  a  piece 
is  plain  the  whole  or  part  of  its  length,  a  portion  of  the  plain  part 
may  be  broken  out  on  the  drawing  thus  shortening  the  drawing  of 
the  piece  so  that  a  larger  scale  may  be  used.  Of  course  in  giving 
the  dimension  for  the  length,  the  actn<il  length  must  be  given. 
Fig.  45  shows  a  round  piece  thus  broken  out  and  Fig.  46  a  rec- 
tangular piece. 
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It  is  a  good  idea  to  connect  hj  dotted  lines  the  two  parts  thus 
broken,  althongh  this  ia  not  essential. 

••Ttimlng:  Up"  a  Secthm.  Sometimes  a  second  view  of  a  piece 
maj  be  aroidt^  by  drawing  on  the  first  view  a  partial  view  low- 
ing the  shape  of  the  croes-section  at  the  place  where  drawn.  "Bua 
partial  view  or  "  tarned-np  section  "  may  be  drawn  in  either  foU  or 
dotted  lines  and  should  be  cross  hatched.  If  it  comes  wh»«  there 
are  other  lines  of  the  original  view,  as  is  nsnallj  the  case,  the 
original  lines  woold  be  drawn  in  regardless  of  the  bet  that  they 
eooflicted  with  tbe  anxiliarr  view.     Fig.  47  is  an  illostiatiiHi. 

Id  Oeneral.  A  working  drawing  will  nsnally  belong  to  one 
of  the  three  following  classes:  .itrrf,  a  dt«ign  of  an  entirely  new 
machine;  «i^>ih/,  a  drawing  of  a  machine  which  is  already  bnilt; 
tiint,  a  dT»wing  of  a  new  part  to  fit  a  madtine  which  is  already 
tnilt,  or  a  drawing  of  an  oM  machine  remodelled. 

In  unler  to  design  a  new  madtine, 
or  a  pan  of  a  madune,  tbe  draftsman 
mui^t  understand    the  {wincipks    of 
ditwing  and  most  also  have  a  dear 
IV-  '~-  and^Tsiandinj;  of  the  wmt  vbiA  tbe 

na^tine  is  to  perform,  and  mn^t  know  something  of  the  priodpks 
of  machine  d«^^  aad  the  fir^ai^th  of  uanniak.  A  stody  of  tbe 
^?m«ral  naaner  of  jvvcvvilisj;  w::h  tbe  drawing,  when  tbeee  thingi 
an>  known,  will  ctrate  htivr  ia  ib»  (vvcrsv.  Tbe  dtaftsmaa  may 
K'.ak»  a  dfswinj*  <if  a  &u»o^::^e  vhk^  :$  al^wady  beilt.  ewn  if  be 
has  bo  naderstaadiri};  <.tf  :*)e  wvcki::^:  <£  i^  machine,  aldno^ 
KixW  *«M'h  ««.>:Mi:xviUi  h«  w\t:l,«  ai  a  j:tv«:  ^^sadvasta^.  In  any 
«aM,  b^  CB«sl  know  t>w  pri»f:j\«*  of  c»wtac. 

If  tb«  $ti>(.^.i  ba$  V«r:>^i  tKwv^'r  wtsu  bas  preceded  in 
tit*  •ctML^Mv  Sf  *ixs;*3  >*  K4iax  T»'«  5»j»  t?  tie  i3iiawi^  from  a 
»:!*.>it^:Ms  »^  w<»  «'••«  a>>w  v^^ia$i3rc  1^  ^»mcsI  ^»eK  to  be  id- 
kowvti  ia  autkiii^  ok^  a  4rh«ii^ 

■S»witfcto>  la  VMM  VMM  ii  wv«U  W  iMUBTCuwt  for  As 
^•fcM^aa  N>  tkW  1^  ^m«M^  Kmi4  aari  JBiiiawli  to  tbe 
Miriri  I  — 4to»U^>  <aMM4lMriii««>ib«kenKiMM«loHlt 
ft«Ut  aw«|iiM«fa(*ab««aKrieiUi 
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taken  separately  and  a  complete  working  drawing  made  of  it,  the 
only  difference  between  these  sketches  and  the  finished  drawing 
being  that  it  is  made  largely  without  the  use  of  instruments, 
triangles,  etc.;  that  is,  it  is  made  free  hand.  The  experienced 
draftsman  will  draw  some  lines  and  circles  free  hand,  and  use  his 
instruments  on  some,  according  as  he  may  think  that  he  will  save 
time  by  doing  the  one  or  the  other;  but  it  is  well  for  the  beginner 
to  gain  practice  by  making  the  sketches,  almost  wholly  free 
hand,  except  large  circles,  and  long  lines. 

The  sketches  should  be  neat  and  perfectly  clear,  so  that  if 
they  are  laid  aside  for  a  long  time  they  can  be  clearly  understood 
without  depending  at  all  upon  memory.  There  is  a  strong 
tendency  for  the  beginner  to  make  his  sketches  hurriedly,  think- 
ing  that  when  He  comes  to  finish  his  drawing  he  can  supply  the 
details  from  memory.  This  is  a  bad  plan  and  will  lead  to  many 
mistakes.  The  sketches  must  be  so  clear  and  complete  that  any. 
one  can  read  them  who  has  never  seen  the  machine.  No  attempt 
need  be  made  to  draw  them  to  scale,  but  all  dimensions,  carefully 
measured  from  the  machine,  should  be  placed  on  the  sketch. 

After  every  piece  of  the  machine  has  been  thus  sketched  sep- 
arately, it  is  well  to  make  a  rough,  general  sketch  of  the  whole 
machine,  to  show  how  the  various  pieces  fit  together,  a  few  of  the 
most  important  over-all  dimensions,  distances  between  centers,  etc. 

All  sketching  should  be  done  as  rapidly  as  possible  without 
sacrificing  clearness.  Before  starting  to  sketch  a  piece,  the  drafts- 
man  must  decide  what  views  are  necessary  to  describe  the  piece 
clearly.     All  sketches  should  b^  made  large  to  avoid  confusion. 

Detail  Drawing.  After  the  sketches  are  made,  the  next  step 
is  the  making  of  the  pencil  drawing  from  the  sketches,  accurately 
to  scale.  The  size  of  the  plate  on  which  the  drawing  is  to  be 
made  is  usually  fixed  by  some  standard.  Where  many  drawings 
are  made  and  kept  in  an  ofiSce,  it  is  desirable  to  keep  the  plates  of 
imiform  size,  as  far  as  possible.  It  is  good  practice  to  have  two 
or  three  standard  sizes  of  plates,  one  for  small  drawings,  one  for 
ordinary-sized  work,  and  one  for  large  drawings;  then,  whenever  a 
drawing  is  made,  make  it  on  one  of  these  standard  plates. 

Assuming,  then,  that  we  have  our  paper  stretched  on  the 
drawing  board  and  the  plate  laid  out,  the  next  step  will  be  to 
arranga  the  drawings  of  the  various  pieces  on  the  plate  so  tha^ 
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there  will  be  room  for  all  and  so  that  they  may  be  properly  placed 
with  relation  to  each  other.  It  may  happen  that  there  will  not  be 
room  on  one  plate  for  all  the  pieces,  but  that  two  or  more  plates 
will  be  required.  When  the  parts  must  be  thus  arranged  on 
different  plates,  an  effort  should  be  made  to  keep  on  the  same 
plate  those  parts  which  belong  together.  For  example,  if  we  were 
drawing  a  lathe,  the  details  of  the  parts  of  the  head  stock  might 
form  one  plate,  the  apron  another,  and  so  on. 

In  locating  the  various  pieces  on  a  plate,  they  should  be 
placed  as  nearly  as  possible  in  the  same  relative  position  to  each 
other  that  they  bear  in  the  machine,  except  that  they  are  sepa- 
rated. For  example:  if  a  nut  belongs  on  the  end  of  a  screw,  it  is 
desirable  to  draw  it  on  the  same  center  line  with  the  screw  and  at 
the  end  where  it  belongs.  If  a  piece  is  vertical  in  the  machine 
it  should  be  vertical  on  the  plate,  and  if  horizontal  in  the  machine, 
it  should  be  horizontal  on  the  plate. 

The  approximate  location  of  the  pieces  on  the  plate  may  be 
easily  decided  by  taking  a  small  sheet  of  paper  of  about  the  same 
proportion  as  the  plate,  but  perhaps  one-fourth  or  one-half  size, 
and  sketching  on  it  roughly  the  outline  of  the  various  pieces.  The 
arranging  of  the  plate  should  not  be  allowed  to  take  much  time, 
but  should  be  done  as  rapidly  as  possible.  After  the  location  of 
each  view  of  each  piece  is  determined,  the  pencil  drawing  should 
begin  (to  scale)  with  one  of  the  principal  pieces.  In  almost  all 
cases  a  center  line  is  first  drawn.  It  is  better  to  carry  along  all 
the  views  of  a  piece  at  once,  instead  of  completing  one  view  at  a 
time.  The  piece  started  should  have  all  its  ^iews  finished  and 
completely  dimensioned  before  another  piece  is  begun;  exceptTons 
to  this  are  sometimes  necessary  for  special  reasons.  The  lines 
should  be  drawn  accurately,  but  no  attempt  need  be  made  to  obtain 
finish;  that  is,  in  order  to  save  time,  the  lines  may  be  run  past  the 
point  where  they  should  properly  stop,  etc.  Nothing  should  be 
omitted,  however. 

Each  plate  of  details  should  have  a  title,  stating  of  what 
machine  it  is  a  drawing,  and,  if  there  are  several  plates,  it  is  well 
to  state  also  of  what  part  of  the  machine  the  plate  in  question  is 
a  drawing.  It  is  also  a  good  idea  to  print  its  name  beside  each  of 
the  principal  pieces. 
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Tracing.  Having  finished  the  pencil  drawing,  the  next  step 
is  the  inking.  In  some  offices  the  pencil  drawing  is  made  on  a  thin. 
tongh  paper,  called  board  paper,  and  the  inking  is  done  over  the 
pencil  drawing,  in  the  manner  with  which  the  student  is  already 
&miliar.  It  is  more  common  to  do  the  inking  on  thin,  trans* 
parent  cloth,  called  tracing  cloth,  which  is  prepared  for  the  pur- 
pose. This  tracing  cloth  is  made  of  various  kinds,  the  kind  in 
ordinary  use  being  what  is  known  as  ^^  dull  back,"  that  is,  one 
side  is  finished  and  the  other  side  is  left  dull.  Either  side  may 
be  used  to  draw  upon,  but  most  draftsmen  prefer  the  dull  side. 
If  a  drawing  is  to  be  traced  it  is  a  good  plan  to  use  a  3H  or  4H 
pencil,  so  that  the  lines  may  be  easily  seen  through  the  cloth. 

The  tracing  cloth  is  stretched  smoothly  over  the  pencil  draw- 
ing and  a  little  powdered  chalk  rubbed  over  it  with  a  dry  cloth, 
to  remove  the  slight  amount  of  grease  or  oil  from  the  surface  and 
make  it  take  the  ink  better.  The  dust  must  be  carefully  bruslied 
or  wiped  off  with  a  soft  cloth,  after  the  rubbing,  or  it  will  inter- 
fere with  the  inking. 

The  drawing  is  then  made  in  ink  on  the  tracing  cloth,  after 
the  same  general  rules  as  for  inking  the  paper,  but  care  must  be 
taken  to  draw  the  ink  lines  exactly  over  the  pencil  lines  which 
are  on  the  paper  underneath,  and  which  should  be  just  heavy 
enough  to  be  easily  seen  through  the  tracing  cloth.  The  ink  lines 
should  be  firm  and  fully  as  heavy  as  for  ordinary  work.  In  tracing, 
it  is  better  to  complete  one  view  at  a  time,  because  if  parts  of 
several  views  are  traced  and  the  drawing  left  for  a  day  or  two,  the 
cloth  is  liable  to  stretch  and  warp  so  that  it  will  be  difficult  to 
complete  the  views  and  make  the  new  lines  fit  those  already 
drawn  and  at  the  same  time  conform  to  the  pencil  lines  under- 
neath. For  this  reason  it  is  well,  when  possible,  to  complete  a 
view  before  leaving  the  drawing  for  any  length  of  time,  although 
of  course  on  views  in  which  there  is  a  good  deal  of  work  this 
cannot  always  be  done.  In  this  case  the  draftsman  must  manipu- 
late his  tracing  cloth  and  instruments  to  make  the  lines  fit  as  best 
he  can.  A  skillful  draftsman  will  have  no  trouble  from  this 
source,  but  the  beginner  may  at  first  find  difficulty. 

Inking  on  tracing  cloth  will  be  found  by  the  beginner  to  be 
quite  different  from  inking  on  the  paper  to  which  he  has  been 
accustomed,  and  he  will  doubtless  make  many  blots  and  think  at 


98 


86  HEOHANIOAL  DBAWING 

first  that  it  is  hard  to  make  a  tracing.  After  a  little  practicey 
however,  he  will  find  that  the  tracing  cloth  is  very  satisfactory 
and  that  a  good  drawing  can  be  made  on  it  quite  as  easily  as  on 
paper. 

The  necessity  for  making  erasures  should  be  avoided,  as  &r 
as  possible,  but  when  an  erasure  must  be  made  a  good  ink  rubber 
or  typewriter  eraser  may  be  used.  If  the  erased  line  is  to  have 
ink  placed  on  it,  such  as  a  line  crossing,  it  is  better  to  use  a  soft 
rubber  eraser.     All  moisture  should  be  kept  from  the  cloth. 

Blue  Printing:,  The  tracing,  of  course,  cannot  be  sent  into 
the  shop  for  the  workmen  to  use,  as  it  would  soon  become  soiled 
and  in  time  destroyed,  so  that  it  is  necessary  to  have  some  cheap 
and  rapid  means  of  making  copies  from  it.  These  copies  are 
made  by  the  process  of  blue  printing  in  which  the  tracing  is  used 
in  a  manner  similar  to  the  use  made  of  a  negative  in  photography. 

Almost  all  drafting  rooms  have  a  frame  for  the  purpose  of 
making  blue  prints.  These  frames  are  made  in  many  styles,  some 
simple,  some  elaborate.  A  simple  and  efficient  form  is  a  flat  sur- 
face usually  of  wood,  covered  with  padding  of  soft  material^  such 
as  felting.  To  this  is  hinged  the  cover,  which  consists  of  a  frame 
similar  to  a  picture  frame,  in  which  is  set  a  piece  of  clear  glass. 
The  whole  is  either  mounted  on  a  track  or  on  some  sort  of  a 
swinging  arm,  so  that  it  may  readily  be  run  in  and  out  of  a 
window. 

The  print  is  made  on  paper  prepared  for  the  purpose  by 
having  one  of  its  surfaces  coated  with  chemicals  which  are  sensi- 
tive to  sunlight.  This  coated  paper,  or  blue-print  paper,  as  it  is 
called,  is  laid  on  the  padded  surface  of  the  frame  with  its  coated 
side  uppermost;  the  tracing  laid  over  it  right  side  up,  and  the 
glass  pressed  down  firmly  and  fastened  in  place.  Springs  are 
frequently  used  to  keep  the  paper,  tracing,  etc.,  against  the  glass. 
With  some  frames  it  is  more  convenient  to  turn  them  over  and 
remove  the  backs.  In  such  cases  the  tracing  is  laid  against  the 
glass,  face  down;  the  coated  paper  is  then  placed  on  it  with  the 
coated  side  against  the  tracing  cloth. 

The  sun  is  allowed  to  shine  upon  the  drawing  for  a  few 
minutes,  then  the  blue-print  paper  is  taken  out  and  thoroughly 
washed  in  clean  water  for  several  minutes  and  hung  up  to  dry. 
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If  the  paper  has  been  recently  prepared  and  the  exposure  properly 
timed,  the  coated  surface  of  the  paper  will  now  be  of  a  clear,  deep 
blue  color,  except  where  it  was  covered  by  the  ink  lines,  where  it 
will  be  perfectly  white. 

The  action  has  been  this:  Before  the  paper  was  exposed  to 
the  light  the  coating  was  of  a  pale  yellow  color,  and  if  it  had  then 
been  put  in  water  the  coating  would  have  all  washed  off,  leaving 
the  paper  white.  In  other  words,  before  being  exposed  to  the 
sunlight  the  coating  was  soluble.  The  light  penetrated  the  trans- 
parent tracing  cloth  and  acted  upon  the  chemicals  of  the  coating, 
changing  their  nature  so  that  they  became  insoluble;  that  is,  when 
put  in  water,  the  coating,  instead  of  being  washed  off,  merely 
turned  blue.  The  light  could  not  penetrate  the  ink  with  which 
the  lines,  figures,  etc.,  were  drawn,  consequently  the  coating  undei 
these  was  not  acted  upon  and  it  washed  off  when  put  in  water, 
leaving  a  white  copy  of  the  ink  drawing  on  a  blue  background. 
If  running  water  cannot  be  used,  the  paper  must  be  washed  in  a 
sufficient  number  of  changes  until  the  water  is  clear.  It  is  a  good 
plan  to  arrange  a  tank  having  an  overflow,  so  that  the  water  may 
remain  at  a  depth  of  about  6  or  8  inches. 

The  length  of  time  to  which  a  print  should  be  exposed  to  the 
light  depends  upon  the  quality  and  freshness  of  the  paper,  the 
chemicals  used  and  the  brightness  of  the  light.  Some  paper  is 
prepared  so  that  an  exposure  of  one  minute,  or  even  less,  in  bright 
sunlight,  will  give  a  good  print  •and  the  time  ranges  from  this  to 
twenty  minutes  or  more,  according  to  the  proportions  of  the 
various  chemicals  in  the  coating.  If  the  full  strength  of  the  sun- 
light does  not  strike  the  paper,  as,  for  instance,  if  clouds  partly 
cover  the  sun,  the  time  of  exposure  must  be  lengthened. 

Assembly  Drawing:.  We  have  followed  through  the  process 
of  making  a  detail  drawing  from  the  sketches  to  the  blue  print 
ready  for  the  workmen.  Such  a  detail  drawing  or  set  of  drawings 
shows  the  form  and  size  of  each  piece,  but  does  not  show  how  the 
pieces  go  together  and  gives  no  idea  of  the  machine  as  a  whole. 
Consequently,  a  general  drawing  or  assembly  drawing  must  be 
made,  which  will  ahow  these  things.  Usually  two  or  more  views 
are  necessary,  the  number  depending  upon  the  complexity  of  the 
machine.     Very  often  a  cross-section  through  some  -part  of  the 
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machine,  chosen  so  as  to  give  the  best  general  idea  with  the  least 
amount  of  work,  will  make  the  drawing  clearer. 

The  numler  of  dimensions  required  on  an  assembly  drawing 
depends  largely  upon  the  kind  of  machine.  It  is  usually  best  to 
give  the  important  over-all  dimensions  and  the  distance  between 
the  principal  center  lines.  Care  must  be  taken  that  the  over-all 
dimensions  agree  with  the  sum  of  the  dimensions  of  the  various 
details.  For  example,  suppose  three  pieces  are  bolted  together, 
the  thickness  of  the  pieces  according  to  the  detail  drawing,  being 
one  inch,  two  inches,  and  five  and  one-half  inches  respectively;  the 
sum  of  these  three  dimensions  is  eight  and  one-half  inches  and 
the  dimensions  from  outside  on  the  assembly  drawing,  if  given  at 
all,  must  agree  with  this.  It  is  a  good  plan  to  add  these  over-all 
dimensions,  as  it  serves  as  a  check  and  relieves  the  mechanic  of  the 
necessity  of  adding  fractions. 

FORMULA  FOR  BLUE-PRINT  SOLUTION. 

Dissolve  thoroughly  and  filter. 

Red  Prussiate  of  potash 2^  ounceSv 

^'    Water 1     pint 

Ammonio-Citrato  of  iron 4  ounceB» 

^'     Water 1  pint 

tise  equal  parts  of  A  and  B. 

FORnULA  FOR  BLACK  PRINTS. 

Negatives.    White  lines  on  blue  ground;  prepare  the  paper 

with 

Ammonio-Citrate  of  iron 40  grains, 

Water 1  ounce. 

After  printing  wash  in  water. 

Positives.  Black  lines  on  white  ground;  prepare  the  paper 
with: 

Iron  perchloride 616  grains, 

Oxalic  Acid 308  grains. 

Water 14  ounces. 

{Gallic  Acid 1  ounce, 
Citric  Acid 1  ounce. 
Alum .' 8  ounces. 

Use  1^  ounces  of  developer  to  one  gallon  of  water.  Paper  is 
fully  exposed  when  it  haa  changed  from  yellow  to  white. 
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PLATES. 
PLATE  Vm. 

Pipe  Coupling.  The  drawing  represents  one  of  a  pair  of 
cast-iron  couplings  used  for  connecting  two  lengths  of  pipe.  It  is 
threaded  for  a  right-handed  thread,  but  appears  left-handed  because 
the  back  part  of  the  thread  is  visible  in  the  section. 

The  vertical  center  line  of  the  coupling  is  in  the  center  of 
the  plate;  the  center  of  the  plan  is  3|  inches  from  the  lower 
border  and  the  bottom  of  the  elevation  1 J  inches  from  the  top 
border  line.  The  elevation  is  made  in  half  section,  that  is,  the 
right-hand  half.  It  is  made  by  imagining  that  the  front  right 
quarter  of  the  coupling  is  cut  away  by  vertical  planes.  If  the 
cutting  plane  passes  through  a  hole  or  opening  the  cross-hatching 
is  omitted.  The  dotted  lines  at  the  left  of  the  hole  show  that  it 
is  threaded.  The  distance  between  these  lines  is  -^j  inch,  the 
depth  of  the  thread.  The  threaded  or  tapped  portion  is  shown  in 
plan  by  the  two  circles,  the  dotted  circle  representing  the  outside 
and  the  full  circle  the  inside  or  root  of  the  thread. 

The  boss  or  hub  adds  to  the  strength  and  allows  moVe  threads. 
The  shade  lines  should  be  placed  on  the  drawing  following  the 
custom  for  shop  drawings.  The  title  "  Pipe  Coupling "  should 
be  placed  as  shown  and  made  with  letters  ^  inch  high.  The 
letters  may  be  either  vertical  or  inclined  Gothic  capitals. 

PLATE  IX. 

Pillow  Block.  The  drawings  for  this  plate  are  three  views — 
side,  plan  and  end — of  a  4  inch-pillow  block.  Each  view  is  half 
in  section.  The  drawing  should  be  one-half  size.  Make  the  ver- 
tical center  line  of  the  side  and  plan  views  4|  inches  from  the 
left-hand  border.  The  horizontal  center  line  of  the  side  view 
should  be  2|  inches  from  the  top  border  line  and  the  horizontal 
center  line  of  the  plan  2^  inches  from  the  bottom  border  line. 
^  Locate  the  vertical  center  line  of  the  end  view  2J  inches  from  the 
right-hand  border  line;  the  horizontal  center  line  will  of  course  be 
a  continuation  of  that  of  the  side  view.  Note  that  the  left-hand 
half  of  the  plan  represents  what  is  seen  by  looking  up  from 
below.  The  cutting  plane  for  the  right-hand  half  passes  hori- 
2ontally  through  the  center  of  the  shaft. 
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The  student  should  put  on  shade  lines  and  finish  marks;  also 
the  notes  and  dimensions.  Make  the  letters  of  the  title  yertical 
Gothic  capitals  §  inch  high. 
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Fig.  48.  Fig.  49. 

PLATE  X . 

OverhuniC  Crank.  The  two  drawings  on  this  plate  are  to  be 
made  full  size  from  the  free-hand  sketches  Figs.  48  and  49.  These 
are  such  as  would  be  given  the  draftsman  or  such  he  would  make 
for  his  own  work.  Place  the  two  views  so  that  they  will  look 
well  on  the  plate.     Put  on  shade  lines  and  dimensions. 

PLATE  XL 

Cylinder  Head.  This  plate  consists  of  a  plan  view  and  a 
cross-section  of  the  cylinder  head  of  a  small  engine.  The  center 
line  for  the  two  views  is  drawn  half  way  between  the  upper  and 
lower  border  lines.     Always  allow  suflScient  space  for  dimensions. 

The  shade  lines  should  be  placed  on  the  drawing,  following 
the  methods  described  for  machine  drawing.  Locate  the  title  and 
explanatory  notes  to  make  the  plate  appear  well  balanced. 

PLATE  XI  A. 

Blue  Print.  Make  a  tracing  on  tracing  cloth  and  (optional) 
a  blue  print  of  one  of  these  plates. 
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PART  IV. 


WORKING  SHOP  DRAWINGS. 

In  Parts  I  to  III^  inclusive,  the  fundamental  principles  of 
Mechanical  Drawing  are  explained  and  illustrated.  The  pro- 
duction of  working  drawings  has  also  been  discussed  to  some 
extent,  and  the  usual  characters  and  symbols  explained  and 
applied.  The  elementary  work  already  outlined  has  been  treated 
chiefly  from  the  standpoint  of  correctness  of  line  representation 
considered  by  itself,  without  a  detailed  study  of  the  use  to  which 
the  drawings  so  produced  are  to  be  applied. 

Evidently  this  is  the  proper  method,  for  the  student  should 
gain  a  thorough  understanding  of  the  principles  which  underlie 
line  representation  before  attempting  to  apply  them  to  any  ex- 
tended practical  use.  In  all  of  this  preceding  work  it  is  intended 
that  the  theoretical  principles  shall  overshadow  any  incidental 
references  made  to  practical  application,  however  true  and  perti- 
nent the  latter  may  be  for  purposes  of  illustration.  Hence,  before 
taking  up  any  advanced  work,  the  student  should  fully  realize  the 
importance,  in  fact,  the  absolute  necessity,  of  thoroughly  under- 
standing the  fundamental  principles  which  have  been  outlined  in 
the  books  which  have  preceded  Part  IV. 

At  this  point  the  student  must  realize  that  a  lack  of  proper 
elementary  and  fundamental  training  will  make  him  ^^  go  lame  "  at 
every  point  of  his  course,  and  probably  prevent  the  attainment  of 
proficiency  which  otherwise  would  naturally  and  almost  instinc- 
tively come  with  advanced  study.  It  is  the  thorough  and  ready 
knowledge,  always  at  his  fingers'  ends,  of  all  the  principles  of 
Mechanical  Drawing,  which  makei  the  expert  draftsman. 

Plan  and  Scope  of  Advanced  Work.  It  is  now  intended  to 
throw  an  entirely  different  light  on  the  matter,  and  view  the 
subject  of  Mechanical  Drawing  from  a  purely  practical  stand- 
point; viz.,   that  of  Utility.    It  in  assumed  that  the  student 
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understands  and  can  use  the  principles  which  have  been  pre- 
viously discussed. 

If  in  a  working  shop  drawing  we  choose  to  inodify  any  of 
these  theoretical  principles,  it  will  be  because  of  increased  value 
in  Utility  of  the  drawing.  For  example,  we  may  desire  to  omit 
some  portions  of  an  elevation  or  plan  or  side  view  of  a  compli- 
cated casting,  because  certain  details  will  thus  be  more  clearly 
brought  out.  We  may  make  a  "  zigzag "  section  to  show  con- 
struction which,  by  absolute  fidelity  to  theoretical  principle, 
would  be  confused,  or  hidden  in  a  maze  of  dotted  lines.  We  may 
find  it  convenient  to  place  in  some  unoccupied  comer  of  a  drawing 
a  layout  which  could  not  be  in  the  least  justified  by  any  rule  of 
projection.  A  multitude  of  transgressions  like  these  occur  on 
good  drawings,  and  they  are  certainly  justifiable  from  the  stand- 
point of  Utility^  which  is  the  true  ultimate  end  sought  for  in  a 
practical  shop  drawing. 

These  variations  from  the  theoretical  are  not  strictly  conven- 
tionalities, because  they  are  not  classified  or  established,  so  far 
as  we  know,  but  are  the  spontaneous  outgrowth,  as  the  occasion 
demands,  of  the  draftsman's  purpose  to  make  his  drawing  one 
of  greatest  Utility,  He  can,  however,  safely  transgress  a  prin- 
ciple only  when  he  thoroughly  knows  the  principle;  otherwise 
a  blind  deviation  from  the  theoretical  path  will  inevitably  lead 
to  difficulty. 

All  of  the  above  is  intended  to  impress  the  student  with  the 
idea  that  theoretical  principles  are  his  l)est,  in  fact,  his  only  tools 
to  work  with ;  but  they  are  not  "  self-hardening,"  like  "  mushet " 
steel ;  tliey  are  like  the  finest  grade  of  tool  steel,  which  must  be 
tempered  and  ground  and  used  with  the  best  judgment  of  tlie 
operator,  to  secure  the  most  satisfactory  results. 

Student  Draiving%,  A  student's  early  drawings  are  usually 
unsatisfactory,  even  to  himself.  Somehow  they  do  not  look  like 
those  seen  in  shops,  and  as  a  rule  he  is  unable  to  see  why  this  is 
so.  Of  course  the  difference  is  to  some  extent  due  to  the  experi- 
ence of  the  professional  draftsman.  However,  the  superior  results 
of  the  latter's  work  are  attained  largely  through  his  systematic 
and  workmanlike  habits  of  execution.  It  should  encourage  the 
student   in   his  early  attempts  to  know  that  these  essentials  to 
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tlie. infusion  of  life  and  shop  spirit  into  a  drawing  can  be  analyzed, 
outlined  and  grasped  at  the  outset  by  earnest,  intelligent  effort, 
and  really  good  workmanlike  results  obtained.  To  discuss,  and  if 
possible  to  impart  these  essentials  of  a  working  shop  drawing  to 
the  student,  is  the  purpose  of  the  present  book. 

Essentials.  The  two  chief  essentials  of  a  shop  drawing, 
mider  which  general  heads  a  multitude  of  detail  requirements 
can  be  summed  up,  are : 

(1.)  Absolutely  complete  and  definite  instructions  from  de- 
signer to  workman. 

(2.)  Least  possible  cost  in  dollars  and  cents  of  production 
of  the  drawing  measured  by  the  draftsman's  time. 

It  makes  no  difference  how  much  we  may  attempt  to  disguise 
these  two  elements,  the  fact  will  still  be  apparent  that  '^  complete 
imtruetioM  fumUhed  for  the  least  money ''^  is  what  the  manufac- 
turing shop  is  after,  and  what  .will  be  assumed  as  a  basis  for 
judgment  as  to  highest  commercial  utility. 

Completeness  of  Drawings.  As  to  the  first  point,  that  of 
completeness  and  definiteness  of  instruction,  there  must  be  no 
question  of  degree.  If  the  iiiformation  which  the  drawing  fur- 
nishes IS  positive  and  complete,  the  drawing  is  good.  If  doubt 
arises  in  the  workman's  mind  as  to  what  the  designer  intended  by 
a  certain  line  or  dimension,  or  if  the  dimension  be  omitted,  the 
drawing  is  bad.  There  is  no  middle  ground.  The  instructions 
are  either  present  or  absent,  and  the  drawing  good  or  bad  accord- 
ingly. 

The  workman  of  to-day  is  not  permitted  to  assume  dimen- 
sions or  shape.  It  is  his  business  to  execute  the  draftsman's 
orders ;  it  is,  however,  often  his  privilege  to  choose  his  o^vn  way 
of  doing  it,  but  further  than  this  modern  practice  does  not  allow 
him  to  go.  He  is  held  as  rigidjly  to.  the  orders  specified  by  the 
drawing  as  the  locomotive  engineer  is  held  to  his  bit  of  tissue 
telegraphic  order  to  proceed,  without  which  he  dare  not  enter  the 
next  block.  The  drawing  is  supreme ;  it  is  official ;  it  musi  oe 
plain,  direct  and  all-sufficient.  It  is  the  draftsman's  business  to 
make  it  thus,  and  he  is  not  a  di-aftsman  until  he  does. 

This  idea  of  positiveness  must  be  thoroughly  absorbed  by  the 
student.     Positive,  action  must  be  a  habit  which  controls  his  every 
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move,  which  marks  every  dimension  he  prints,  which  directs  every 
line  he  draws.  Every  line  must  mean  something,  must  have  a 
definite  I'eason  for  existence,  must  be  necessiry  to  illustrate  the 
idea  which  he  wishes  to  convey  to  the  workmm,  and  every  liie 
must  be  a  definite  measurable  distance  from  every  other  line,  so 
that  its  location  is  fixed  beyond  a  doubt.  Lines  which  mean 
nothing,  and  cannot  be  measured,  have  no  place  on  the  drawing ; 
they  only  confuse  it. 

A  good  picture  of  a  machine  could  scarcely  be  called  to  the 
same  service  as  a  g^ood  drawing  of  it.  The  picture  might  give  us 
an  excellent  idea  of  the  machine,  but  for  the  purpose  of  the  actual 
construction  the  picture  is  useless,  while  the  drawing  is  of  positive 
value.  This  value  exists  simply  because  of,  and  in  proportion  to, 
the  completeness  of  detail  which  it  shows.  Hence  in  making  a 
shop  drawing  the  picture  idea  is  entirely  subordinate  to  the  idea 
of  Utility^  the  latter  in  fact  being  the  measure  of  its  value. 

There  are  certain  classes  of  drawings — of  which  the  Patent 
Office  drawing  is  a  good  example — in  the  making  of  which  the 
picture  idea  is  predominant.  Here  the  purpose  is  to  illustrate 
mechanisms,  not  construct  them ;  hence  the  function  of  the  draw- 
ing is  in  no  wise  that  of  the  working  shop  drawing,  and  as  such 
does  not  fall  within  our  discussion. 

Cost  of  Producing  Drawings.  The  second  general  element 
involved  in  producing  shop  drawings  is  their  cost,  as  measured 
by  the  draftsman's  time.  It  is  somewhat  subordinate  to  the  first 
element,  for  the  drawing  must  be  a  good  one,  judged  by  an  abso- 
lute standard,  whatever  the  time  or  cost  necessary  to  produce  it. 
Cost,  however,  is  an  important  item,  and  cannot  well  be  over- 
looked. It  is  inevitable  that  in  any  enterprise  economy  will 
ultimately  be  sought,  whatever  extravagance  an  imperative  orig- 
inal demand  may  have  permitted.  This  is  as  true  in  the  produc- 
tion of  drawings  as  in  the  case  of  manufactured  articles  of  trade. 
Drafting-room  labor  is  a  relatively  high-priced  service,  and  the 
salary  list  easily  assumes  considerable  proportions,  so  that  wasteful 
excesses  count  up  rapidly.  One  of  the  qualifications  of  proficiency 
invariably  required  for  this  department  of  shop  organization  is 
rapidity  of  execution.  This  is  not  as  dependent  upon  personal  traits 
as  at  first  might  be  supposed.   A  man  may  so  husband  his  time  and 
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direct  his  efforts  that  he  will  easily  distance  his  neighbor  of  more 
rapid  motion.  The  latter  may  have  less  ability  to  make  his  ener- 
gies count,  and  lack  of  judgment  as  to  when  just  enough,  and  no 
more  than  enough^  energy  has  been  expended  on  his  drawings. 
From  the  standpoint  of  Utility^  the  function  of  a  drawing  is  ful- 
filled when  it  has  reached  the  stage  that  it  completely  instructs ; 
more  time  spent  in  elaboration  is  wasted,  and  is  an  unnecessary 
and  therefore  extravagant  expenditure.  The  student  must  fully 
realize  this.  In  his  earnestness  to  produce  finished  and  complete 
work  he  must  constantly  strive  to  accomplish  results  in  the  least 
possible  time.  This  does  not  mean  careless  haste ;  far  from  it.  A 
complete  shop  drawing  cannot  be  made  by  short  cuts,  but  through 
a  systematic  building  of  line  on  line,  dimension  on  dimension. 
This  is  in  sharp  contrast  to  a  haphazard  habit  of  developing  a 
drawing,  first  a  line  here  and  then  a  figure  there,  with  no  definite 
purpose  in  mind,  and  no  hint  as  to  when  the  drawing  is  actually 
completed. 

The  one  metliod  constitutes  the  efficient  draftsman  who 
works  easily,  receives  a  high  salary,  and  is  worth  it,  because  he 
wastes  no  time  in  unnecessary  labor.  The  other  marks  his  unfor- 
tunate brother,  plodding  laboriously  far  behind,  receiving  a  small 
pittance  per  hour,  and  worth  less,  because  he  does  uncalled-for 
labor,  and  loses  his  definiteness  of  purpose  in  a  maze  of  unexplain- 
able  lines  and  figures. 

A  working  shop  drawing^  commercially  considered,  may  well 
be  defined  as  being  ^^  Complete  instruction  from  designer  to  workman 
issued  at  minimum  expense,*^ 

This  definition  should  be  memorized  by  the  student,  and  con- 
stantly kept  in  mind  while  making  a  drawing.  The  preceding 
pages  should  be  re-read  with  this  in  view  until  the  full  spirit  is 
appreciated. 

The  maxim  as  given  above,  if  faithfully  adhered  to  without 
modification,  answers  nearly  every  question  that  can  be  raised  as 
to  the  excellence  of  a  drawing.  It  can  be  used  as  a  standard  of 
judgment,  whatever  system  of  lines  or  symbols  may  be  in  vogue. 
It  permits  a  draftsman  to  adjust  himself  to  the  rules  of  any  shop 
or  drawing-room,  and  yet  produce  a  good  drawing  and  satisfy 
his  employer. 
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A  drawing  which  is  cheaply  produced  and  at  the  same  time 
does  perfectly  that  for  which  it  was  made,  that  is,  convey  complete 
instruction,  is  beyond  commei*cial  criticism. 

Method  of  Procedure.  As  the  general  objects  to  be  attained 
in  a  working  shop  drawing  have  now  been  presented,  it  is  neces- 
sary to  indicate  in  detail  how  the  work  may  be  properly  accom- 
plished. In  order  to  do  this,  it  is  proposed  to  produce  systematically 
a  full  set  of  working  drawings  of  a  familiar  and  comparatively 
simple  machine.  The  methods  used  will  be  those  of  a  designing 
detail  draftsman,  producing  commercial  work  fit  for  shop  use. 
In  the  progress  of  the  work,  from  its  beginning  in  the  rough, 
though  accurate,  pencil  layout,  to  the  completion  of  the  tracings 
and  the  order  sheets,  the  same  bold  style,  clearness,  directness  and 
businesslike  spirit  which  the  shop  atmosphere  and  surroundings 
would  naturally  supply,  will  be  emphasized,  and  so  far  as  possible 
imparted  to  the  student.  It  is  expected  that  the  student  will  fol- 
low the  text  closely  and  study  the  plates  carefully,  endeavoring 
to  familiarize  himself  with  every  detail  illustrated.  The  more 
closely  he  is  able  to  apply  himself  in  this  respect  the  more  will 
he  be  able  to  partake  of  the  life  and  spirit  which  is  intended  to  be 
conveyed,  and  without  which  the  true  character  of  the  work  can 
be  but  poorly  developed. 

Incidentally,  several  purposes  will  be  fulfilled  by  this  treat- 
ment. 

Ability  to  read  drawings  quickly  and  intelligently  is  almost 
as  important  as  making  them,  and  it  is  expected  that  the  study 
of  the  plates,  with  a  view  to  thoroughly  understanding  every  line, 
will  develop  proficiency  in  the  art  of  reading  drawings. 

The  discussion  in  the  text,  of  not  only  the  form  of  the 
machine  parts  themselves,  but  also  the  tools  and  shop  processes 
to  produce  them,  affords  considerable  insight  into  the  influences 
affecting  good  machine  design.  Without  introducing  any  mathe- 
matical analysis  or  investigation,  which  is  beyond  the  province 
of  this  book,  much  practical  consideration  as  to  the  restrictions 
imposed  by  existing  shop  methods  upon  theoretical  construction 
will  be  suggested,  and  the  student  encouraged  to  iise  his  judgment 
thereon. 

In  the  preliminary  layouts  the  actuc^  ^^  9ketchy  "  appearance 
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of  the  pencil  drawing  will  be  imitated  as  far  as  possible,  so  that 

the  student  himself  may  imitate  and  catch  the  bold  dash,  yet  fiiie 

accuracy,  of  the  line-work,  which  is  characteristic  of  the  expert 

draftsman. 

The  completeness  of  a  set  of  drawings  is  as  important  a  lesson 

as  the  completeness  of  each  drawing  itself.  In  this  is  involved 
the  proper  arrangement  and  classification  of  details,  the  foundation 
layout,  and  the  system  of  order  sheets  for  getting  work  into  and 
through  the  shops.  This  is  a  feature  which  very  strongly  affects 
some  of  the  finishing  touches  to  a  drawing,  for  it  is  so  easy  to  omit 
a  ^^few  last  things"  and  turn  in  an  uncompleted  sheet.  Every 
draftsman  knows  how  many  little  things  come  up  toward  the  close 
of  a  job  involving  complete  drawings  of  a  machine,  and  how 
strong  the  tendency  is  to  omit  them,  and  relieve  himself  of  some- 
what tedious  details.  The  result  is  irritation  and  delay  when  the 
drawings  get  into  the  shop,  and  they  return  to  the  drawing  room 
to  be  fixed  up  at  a  time  probably  inconvenient  for  all  parties  con- 
cerned. A  good  draftsman  will  turn  in  a  complete  set  of  complete 
drawings.  It  is  highly  important  that  the  student  grasp  this  idea, 
and  study  his  work  accordingly. 

DUPLEX   PUMP   PLATES. 

The  typical  set  of  plates  chosen  for  this  book  in  fulfillment  of 
the  above  purposes,  takes  up  the  study  of  a  simple,  duplex  steam 
pump.  This  particular  type  of  machine  represents  the  simplest 
and  most  elementary  form  of  the  steam  engine  in  modern  use  in 
respect  to  valve  gear  and  controlling  devices.  It  is  not  an  eco- 
nomical machine,  yet  its  principles  lie  at  the  foundation  of  the 
economical  high-speed  engine,  the  latter  being  produced  through 
a  modification  of  the  uneconomical  valve  gear  such  as  is  found  on 
a  pump  of  the  type  chosen,  rather  than  through  any  radical  change 
of  construction  as  to  the  body  of  the  machine.  Hence  the  study 
of  a  steam  pump  may  well  precede  that  of  higher  forms  of  the 
steam  engine.  It  is  hoped  that  the  study  will  so  interest  the  stri- 
dent that  he  will  be  led  to  further  investigation  and  development 
not  oiJy  of  the  steam  engine  itself,  but  of  that  highly  important 
division  of  modem  engineering, —  pumping  machinery. 

Thus  we  note  another  point  of  advantage  in  the  study  as  oat- 
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lined.  The  power  end  of  the  macfame  introduces  us  to  the  steam 
engine ;  the  load  end  is  the  beginning  of  the  engineering  of  pump- 
ing machinery. 

Rating  of  Pump.  A  steam  pump  is  rated  bj  the  bore  of  its 
cylinders  and  length  of  stroke,  all  being  given  in  inches.  A 
.  ^16  X  8^  X  12  pump"  means  that  the  steam  cylinder  is  16  inches 
in  diameter,  the  water  plunger  8^  inches  in  diameter,  and  the 
nominal  lei^gth  of  stroke  12  inches.  These  sizes  are  always  given 
in  the  same  order,  beginning  with  the  diameter  of  the  smallest 
cylinder  (in  case  there  is  more  than  one),  then  the  diameter  of 
water  plunger,  the  common  stroke  of  both  being  placed  last. 
This  expresses  to  the  mechanic  the  rating  of  the  pump  in  the 
clearest  style  and  briefest  language. 

The  pump  illustrated  here  is  designed  for  standard  service, 
operating  under  a  steam  pressure  not  to  exceed  100  pounds  per 
square  inch,  water  pressure  not  to  exceed  160  pounds  per  square 
inch,  and  the  rated  capacity  based  on  an  average  piston  speed  of  100 
feet  per  minute  being  about  660  gallons.  This  requires  that  each 
side  of  the  pump  shall  handle  276  gallons,  and  being  double  act- 
ing,  shall  make  100  reversals  or  60  double  strokes  per  minute. 

Plate  A.  Steam  End  Layout.  This  plate  illustrates,  as 
nearly  as  reproduction  can  accomplish,  the  pencil  layout  of  the 
steam  end.  It  is  the  first  work  of  the  designing  draftsman. 
The  drawing  as  shown  is  exactly  the  type  of  layout  which  he 
would  turn  over  to  a  detail  draftsman,  whose  duty  it  would  be  to 
work  up  detail  shop  drawings  therefrom. 

The  character  of  this  drawing  should  be  carefully  studied. 
Remember  that  it  is  a  layout,  nothing  more ;  also  bear  in  mind 
that  it  is  an  exact,  measurable  working  sketch.  Attention  is  called 
to  the  sharpness  of  the  lines,  especially  to  the  clean-cut  intersec- 
tions. Note  the  boldness,  dash  and  businesslike  style,  the  free- 
band  cro6S4iection  lines  roughly  put  in.  There  is  no  hesitation  or 
worry  as  to  where  the  end  of  a  line  shall  be,  or  whether  it  crosses 
other  lines  which  it  theoretically  should  not.  The  intersections 
are  aUowed  to  indicate  the  termination  of  lines,  and  the  rough 
section  lines  pick  out  the  parts  and  separate  them  clearly  to  the 
eye.  There  is  the  spirit  in  this  layout  of  confident,  definite  and 
rapid  action,  with  no  thought  for  absolute  finish  in  line-work,  but 
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with  every  thought  for  absolute  results  as  to  measurable  dimen- 
sions. 

The  data  for  the  production  of  Plate  A  by  the  student  are 
rather  more  complete  than  he  would  usually  find  in  practice. 
Plates  E,  F  and  G  show  many  details  fully. 

The  steam  cylinder  and  head,  however,  as  shown  in  Plate  .G, 
are  not  dimensioned,  and  the  student's  problem  is  to  produce  this 
plate  complete,  with  finish  marks,  dimensions  and  n^essary  data 
for  u  working  drawing.  In  order  to  do  this  it  is  first  necessary 
to  work  up  Plate  A  with  exactness,  in  pencil,  and  see  that  all 
parts  go  together  properly.  Then  the  detail  of  cylinder  and  head 
may  be  made  separately  by  measurement  of  the  layout  drawing, 
and  Plate  G  produced. 

For  this  work  the  ordinary  brown  detail  paper  is  very  satis- 
factory. A  hard  lead  pencil  is  necessary,  as  hard  as  6H,  and  the 
point  must  be  kept  well  sharpened. 

There  are  two  general  rules  of  action  in  producing  a  drawing 
which  give  the  answer  to  the  question  which  oftenest  confronts 
the  beginner:  *' What  is  to  be  done  first?**  or  •*What  is  to  be 
done  next?  "     These  rules  are  : 

1.  Draw  everything  that  is  positiTely  known. 

2.  Work  from  the  inside  to  the  outside. 

Every  problem  has  some  positive  data,  assumed  or  calculated, 
to  start  with.  The  first  thing  to  do  in  every  case  is  to  get  this 
data  represented  by  lines  on  the  paper.  An  expert  designer  has 
been  heard  to  say  that  until  he  had  spoiled  the  blankness  of.  his 
sheet  of  paper  by  some  lines,  he  could  not  design.  There  is  some- 
thing  in  this ;  and  almost  invariably  the  first  line  to  draw  is  a  hori- 
zontal center  line  somewhei*e  near  the  middle  of  the  sheet;  draw 
it !  Draw  it  at  once  without  hesitation,  and  th6  layout  is  begun. 
We  now  have  something  about  which  to  build. 

In  this  case  the  designer  would  first  calculate  the  size  of  the 
piston  rod,  and  determine  the  fastening  to  the  piston.  He  would 
then  draw  the  rod  and  build  a  hub  around  it.  He  would  next 
calculate  the  width  or  thickness  of  piston  and  size  of  packing 
rings,  and  draw  the  two  vertical  lines  5  inches  apart,  to  indicate 
the  piston  faces.  These  lines  would  be  limited  by  the  cylinder 
bore,  which  he  knows  to  be  16  inches;  hence  horizontal  lines  16 
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inches  apart,  parallel  to  and  symmetrical  with  the  center  line,  are 
the  next  to  be  drawn.  Short  vertical  lines  indicate  the  location 
of  the  packing  rings.  As  the  nominal  travel  of  the  piston  is 
to  be  12  inches,  the  location  of  the  piston  and  rings  can  be 
shown  on  both  sides  of  the  central  vertical  line  at  the  limits  of 
travel.  A  clearance  must  exist  between  the  heads  and  the  piston 
(in  this  case  ^  inch  is  allowed),  hence  the  lines  of  the  heads  can 
be  drawn,  and  the  general  inside  outline  of  the  cylinder  barrel  is 
complete. 

This  is  all  in  direct  application  of  the  foregoing  rules,  and  is 
so  simple,  natural  and  direct  that  it  hardly  requires  such  explicit 
statement.  We  have  simply  taken  such  data  as  we  had  and  put 
it  on  paper,  placing  it  where  it  can  be  seen  'from  all  sides,  and 
where  the  mind  is  relieved  of  the  labor  of  carrying  it. 

If  the  student  will  only  appreciate  this  one  rule  and  draw  all 
he  knows  about  the  problem,  he  is  well  on  his  way  to  its  solution. 
Draw  everything  you  know^  and  work  for  what  you  dorCt  knoWj  is 
what  these  two  rules  say,  and  the  first  question  to  arise  should  be : 
**  Have  I  drawn  everything  that  is  known  about  the  problem  ?  '* 
before  he  asks  himself  or  any  one  else :  '^  What  shall  I  do  next  ?  '* 

One  other  rule  might  be  added  to  these  two :  Keep  dimemions 
in  evenJiffureSj  ifposMle.  This  means  that  small  fractions  should 
be  avoided.  It  is  just  as  easy  to  bear  this  point  in  mind,  and 
save  the  workman  much  annoyance  and  chance  of  error,  as  it 
is  to  disregard  this  matter.  Even  figures  constitute  one  of  the 
trade-marks  of  an  expert  draftsman.  Of  course  a  few  small  frac- 
tions, and  sometimes  decimals,  will  be  necessary.  Remember, 
however,  that  fractions  must  in  every  case  be  according  to  the 
common  scale ;  that  is,  in  sixteenths,  thirty-seconds,  sixty-fourths, 
etc. ;  never  in  thirds,  fifths,  sevenths,  or  such  as  do  not  occur  on 
the  common  machinist's  scale. 

A  systematic,  definite  mode  of  treatment  on  these  lines  must 
become  a  habit,  so  that  all  problems,  however  complicated,  can  be 
ipproached  with  confidence  in  the  same  way.  It  is  the  drawing  of 
one  line  which  makes  clear  the  drawing  of  the  next  and  sub- 
sequent lines;  and  the  most  serious  obstacle  which  the  student  is 
likely  to  set  for  himself  is  trying  to  see  the  whole  problem  through 
from  the  beginning.  Even  an  expert  cannot  do  this,  but  allows 
the  lajout  to  develop  results  as  he  proceeds. 
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The  details  of  the  piston  and  rod  being  given  in  Plate  E,  the 
foregoing  work  is  very  easy  for  the  student.  The  thickness  of 
the  barrel  and  heads  being  deteimined  (|  inch  in  this  case),  the 
exterior  outline  may  be  partially  drawn.  The  fixed  head  at  the 
yoke  end  must  be  thicker  than  this,  in  order  to  receive  the  yoke 
and  stuffing-box  bolts  without  breaking  through.  The  recesses 
or  counterbores  at  either  end  of  the  cylinder  should  be  so  located 
that  the  packing  rings  run  over  the  edge  a  little  at  the  end  of  the 
stroke,  thus  preventing  the  wearing  of  a  shoulder  by  the  piston 
stopping  in  the  same  place  every  time.  The  counterbore  should 
be  deep  enough  to  allow  reboring  the  cylinder  without  the  countei- 
bore  being  touched  by  the  tool.  In  this  way  the  counterbore  is 
retained  to  center  the  cylinder  at  its  original  location. 

The  size  of  steam  ports  having  been  calculated,  they  may  be 
drawn  in,  the  turns  being  made  easy  and  as  direct  as  possible. 
The  height  to  valve  seat  must  be  kept  at  the  lowest  limit  consistr 
ent  with  sufficient  metal  between  and  outside  of  the  ports.  As  the 
detail  of  the  ports  might  be  somewhat  troublesome,  it  is  shown  in 
an  enlarged  sketch  for  the  student's  benefit.  Chipping  or  filing 
strips  ^  inch  high  are  left  on  the  port  edges,  which  must  be  true, 
in  order  to  finish  them  up  easily. 

The  three  inner  ports  are  for  exhaust,  the  outer  ones  for 
admission  of  steam.  This  five-ported  cylinder  is  peculiar  to  the 
direct  acting  steam  pump,  it  being  a  device  to  effect  the  cushion- 
ing of  the  piston  at  the  end  of  the  stroke,  thus  preventing  the 
piston  from  striking  the  heads.  This  is  necessary,  since  no  posi- 
tive limit  of  motion  exists,  as  is  the  case  in  machines  with  crank 
and  connecting  rod. 

When  the  edge  of  the  piston  has  passed  the  outer  edge  of  the 
exhaust  port,  as  shown  in  P^ig.  1,  the  steam,  which  has  been  exhaustr 
ing  through  port  A,  is  confined  in  space  B  and  port  C,  and,  being 
compressed  by  the  piston,  acts  like  a  spring  to  retard  its  motion. 
If  the  point  P  is  properly  determined  for  a  given  speed,  the  piston 
will  always  compress  the  steam  just  enough  to  cause  it  to  stop  at 
the  end  of  the  nominal  stroke ;  in  this  case,  \  inch  from  the  head. 
It  is  evident,  however,  that  at  different  speeds  the  piston  will  have 
more  or  less  power  to  compress  the  steam,  and  will  not  stop  at  the 
point  desired.     This  causes  the  trouble  of  "short  stroke,**  and 
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consequeDt  inaUlity  to  make  the  pump  work  to  ite  full  capacity. 
Now  if  we  connect  ports  A  and  C  by  a  small  opening  shown 
dotted  at  D,  and  control  this  opening  by  a  plug  valve  operated  by 
hand  from  the  outside,  we  can  let  a  little  steam  leak  by  into  port 
A,  thus  reducing  the  cushion  and  allowing  full  stroke. 

In  order  to  avoid  complicating  the  drawing,  no  cushion  valveh 
are  shown  or  required  to  be  put  on  by  the  student.  They  are  not 
customary  iit  small  pumps,  but  might  advantageously  be  put  on 
the  present  illustration. 


Fig.  1. 


The  valve  seat  must  be  a  scraped  sur&ce,  while  the  chest 
face  need  not  be ;  hence  the  Utter  is  finished  |  inch  lower.  This 
also  gives  a  ledge  against  which  the  steam  chest  fite,  thus  securing 
positive  location. 

The  bolting  of  the  heads  and  the  steam  chest  should  allow  a 
width  of  packing  inside  of  the  bolts  of  ^  to  |  inch,  otherwise  there 
is  danger  of  the  steam  blowing  out  the  packing  and  causing  leak- 
^e  around  the  bolts.  The  bolts  do  not  fill  the  holes,  the  latter 
being  drilled  large,  from  -^  to  -^  inch.  The  spacing,  if  wider  than 
6  or  6  incbeB,  is  likely  to  permit  springing  of  the  flanges  between 
the  bolts,  and  consequent  leakage.  Bolts  less  than  |  inch  diame- 
ter ate  not  desirable,  as  they  can  be  easily  twisted  off  with  an 
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ordinary  wrench.     In  this  case   the  cylinder  head  takes  |-inch 
bolts,  the  yoke,  stuffing-box  and  gland,  |-inch. 

The  flanges  of  heads  and  cylinders  are  usually  from  25  per 
cent  to  50  per  cent  thicker  than  the  body  of  the  casting. 

Drips,  |-inch  pipe  tap,  to  be  fitted  with  cocks,  are  necessary 
at  both  ends  of  the  cylinder  to  readily  drain  the  cylinder  of  water. 

Molding  of  Steam  Cylinder.  The  design  is  often  influenced 
by  the  way  in  which  the  piece  is  to  be  cast.  Tt  often  takes  but  a 
slight  change  of  design  to  save  many  dollars  in  pattern  making  and 
foundry  work.  Hence  the  habit  should  be  formed  of  always  judg- 
ing the  design  of  a  piece  from  the  foundry  standpoint.  In  this 
case  it  is  evident  that  the  ports  and  cylinder  bore  must  be  cored 
out,  and  the  most  obvious  position  of  molding  is  to  lay  the  cylinder 
on  its  side,  the  parting  line  of  the  flask  being  along  a  vertical 
plane  running  lengthwise  through  the  middle  of  the  cylinder. 
This  permits  the  chest  flanges  to  draw  nicely,  likewise  the  ribs  on 
the  foot,  and  allows  the  thin  curving  port  cores  to  stand  edgewise 
in  the  mold. 

Another  method  of  molding  would  be  with  the  valve  geat 
down.  This  would  involve  loose  pieces  for  the  chest  flanges,  aud 
setting  of  cores  for  the  cylinder  foot.  It  would,  however,  assure 
sound  metal  beyond  question  at  the  valve  seat.  Spongy  metal  at 
the  important  wearing  surfaces,  the  valve  seat  and  cylinder  bore, 
is  not  permissible  in  any  case,  and  care  in  molding,  and  good 
design,  is  necessary  for  good  results. 

All  comers  must  be  carefully  filleted,  and  chunks  of  metal 
must  be  avoided,  especially  where  several  walls  or  ribs  join. 
The  metal  must  be  kept  of  average  uniform  thickness,  so  that  the 
whole  casting  will  cool  uniformly. 

Machining  of  Steam  Cylinder.  The  boring  may  be  done  on 
a  vertical  boring  mill,  the  heavy  arm  cariying  the  tool  being 
thrust  down  unsupported  into  the  cylinder,  the  latter  being  rotated 
by  the  table  to  which  it  is  clamped.  If  the  horizontal  boring 
machine  be  used,  the  hole  through  the  inside  head  for  the  stuffing 
box  must  be  large  enough  to  permit  a  stifiE  boring  bar  to  be  passed 
through.  This  allows  a  support  at  each  end  of  the  bar,  to  take  the 
strain  of  the  cut. 

The  plane  surfaces  may  be  finished  on  a  reciprocating  planer 
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or  a  rotaiy  planer.  In  the  latter  case  it  is  desirable  to  keep  all 
lugs  or  projections  back  from  finished  surfaces,  to  permit  the  large 
round  head  which  carries  the  cutters  to  pass  over  them  without 
interference. 

The  drilling  of  standard  machine  parts  of  this  character  is 
usually  done  through  jigs,  or  plates  carrying  hardened  steel  bush- 
ings laid  out  to  correspond  with  the  holes  required,  and  through 
which  the  drill  is  guided.  These  plates  are  located  by  some  fixed 
line  or  lug  on  the  casting,  and  then  clamped  fast,  thus  assuring 
exact  duplication  and  rapid  drilling,  and  avoiding  the  tedious 
laying  out  of  the  holes.  In  order  to  save  changing  the  drill  it  is 
desirable,  if  possible,  to  maintain  the  same  size  of  hole  on  any 
given  surface.     Of  course  it  is  not  always  admissible  to  do  this. 

Plate  Q.  Steam  Cylinder.  After  the  exact  and  complete 
development  of  the  steam-end  layout,  the  student  should  be 
pretty  thoroughly  acquainted  with  the  details  of  the  cylinder. 
All  the  work  thus  far  has  been  entirely  for  his  own  information, 
to  get  his  ideas  in  visible  shape,  so  that  he  himself  can  have  a  per- 
manent record  of  them.  This  layout,  however,  is  not  in  suitable 
form  to  finish  up  into  a  detail  drawing.  Its  sketchy  nature  and 
the  confusion  of  parts,  especially  if  attempt  were  made  to  add 
dimensions,  would  render  it  somewhat  difficult  to  be  read  by  a 
workman  taking  it  up  as  an  unfamiliar  subject.  Hence  it  is  now 
necessary  to  separately  detail  the  parts,  with  the  object  in  view  of 
transferring,  in  the  simplest  and  most  direct  manner,  specific  infor- 
mation to  the  workman  which  will  enable  him  to  construct  the 
several  parts.  It  is  not  enough  now  that  the  drawing  be  clear  to 
the  man  who  makes  it ;  it  must  be  clear,  absoltUely  clear ^  to  the 
shop  mechanic,  who  has  no  means  of  knowing  the  designer's  plans 
except  through  the  information  which  the  drawing  gives  on  its 
face. 

This  requires  that  the  draftsman  should  put  himself  in  the 
workman's  place,  and  forestall,  by  the  explicit  nature  of  his  draw- 
ing, all  possible  questions  which  may  arise  in  the  shop.  In  this 
way  only  can  he  hope  to  avoid  errors  of  construction  and  the  con- 
tinual annoyance  of  endless  explanation  of  his  orders. 

Plate  G  is  to  be  a  finished  drawing,  and  the  first  thing  to  do 
is  to  lay  out  the  sheet     The  standard  sheet  for  details  which  has 
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been  adopted  is  18  X  24  inches  trimming  size,  with  ^  inch  margin 
all  round,  so  that  the  working  space  is  17  X  23  inches.  Tlie  rec- 
tangle for  the  title  is  to  be  laid  off  2^  X  4  inches  in  the  lower 
right-hand  comer,  and  must  never  be  altered,  either  in  size  or 
position.  This  does  not  mean  that  other  sizes  are  wrong,  but 
once  a  standard  system  is  adopted  it  must  be  strictly  adhered 
to,  both  for  artistic  and  commercial  reasons.  The  scale  to  which 
the  drawing  is  to  be  made  is  indicated  in  the  title  comer  on  every 
plate. 

The  scales  permissible  for  shop  drawings  in  the  United  States 
are  those  readily  derived  from  the  common  foot  rule,  such  as 
full  size,  6  inches  =  1  foot,  3  inches  =  1  foot,  IJ  inches  = 
1  foot.  These  are  the  most  common,  most  easily  read  from  an 
ordinary  scale,  and  one  of  these  can  usually  be  adopted.  The 
student  should  learn  to  read  these  from  an  ordinary  scale  without 
being  confined  to  a  special  graduation.  To  do  this  it  is  not 
necessary  to  divide  each  dimension  by  2,  4  and  8  to  get  half  size, 
quarter  size,  or  eighth  size,  and  then  lay  down  the  result.  For 
half  size,  or  6  inches  =:  1  foot,  J  inch  on  an  ordinary  rule  repre- 
sents 1  inch.     Hence,  each  half  inch  may  be  read  as  1  inch,  and 


its  subdivisions  accordingly,  thus : 


ihlil 


IlU 


For  3  inches 


=  1  foot,  or  quarter  size,  -}  inch  represents  1  inch,  and  looks 


thus: 


.   I    . 
iinili 


hlili 


For  1^  inches  =  1  foot,  or  eighth  size, 


I  inch  represents  1  foot,  and  looks  thus  : 


lA 


Ul 


6 


kill 
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It 


is  very  easy  to  get  accustomed  to  this,  and  it  saves  much  time 
and  trouble  hunting  up  a  special  scale  every  time. 

The  other  allowable  scales,  less  common,  but  sometimes 
necessary  on  large  work,  are  1  inch  =  1  foot,  |  inch  =  1  foot,  ^ 
inch  =  1  foot,  I  inch  =  1  foot,  J  inch  =  1  foot,  and  J  inch  = 
I  foot.  To  use  these  scales  conveniently,  special,  graduation  is 
desirable. 

The  genei-al  arrangement  of  the  sheet,  number  of  views  and 
approximate  space  occupied,  should  be  blocked  out  first.  This  can 
easily  be  done  from  the  original  layout.     In  general,  several  cross- 
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sections  are  preferable  to  a  single  view,  which  involyes  many 
dotted  lines.  Dotted  lines  are  very  convenient  for  showing  invisible 
parts  of  an  object,  but  they  are  often  abused,  and  the  drawing 
of  a  complicated  piece  made  indefinite  and  confused  thereby.  As 
already  stated,  a  working  shop  drawing  is  solely  to  convey  infor- 
mation to  the  workman  at  the  least  possible  cost.  A  careful 
consideration  of  this  will  settle  the  question  of  the  number  of 
views  necessary,  their  character,  and  the  amount  of  dotted  line 
work  desirable. 

Never  let  the  drawing  become  the  master ;  always  be  master 
of  the  drawing.  Do  not  draw  an  extra  view  if  no  use  can  be 
seen  for  it.  Do  not  put  in  dotted  lines  if  the  detail  is  completely 
shown  without  them.  Full  lines,  or  lines  which  show  visible  por- 
tions must,  of  course,  be  shown  completely. 

The  nature  of  the  pencil  work  on  Plate'  G  should  be  the 
same  as  on  the  original  layout ;  viz.,  sharp,  definite  lines  and  posi- 
tiviB  intersections.  Above  all  things  learn  the  habit  of  accurate 
workmanship,  for  it  will  save  many  errors  and  a  vast  amount  of 
time.  The  draftsman  must  check  himself  at  every  line  he  draws. 
Slight  errors  in  scaling  will  often  throw  parts  out  of  proper  rela- 
tion to  each  other,  and  interferences,  which  the  drawing  does 
not  show,  will  become  apparent  only  when  the  parts  get  into  the 
machinist's  hands. 

It  is  dangerous  practice  to  project  across  from  one  view  to 
the  other.  It  only  takes  a  slight  irregularity  or  spring  in  the  T- 
square  to  vary  the  location  of  lines  very  perceptibly  from  where 
they  should  be,  and  once  out  of  scale  from  this  reason  it  is  almost 
impossible  to  work  a  view  with  any  certainty.  Rather  than  pro- 
ject across  from  view  to  view,  the  principal  lines,  at  least,  should 
be  scaled  ofiE  on  each  view,  and  it  will  be  found  that  in  the  end 
time  will  be  saved  and  greater  accuracy  secured. 

It  is  not  economical  of  time  to  finish  one  view  before  begin- 
ning another.  It  is  better  to  take  some  single  detail  of  the  draw- 
ing and  develop  it  in  all  views,  in  order  to  study  it  from  all 
sides.  What  is  completed  in  one  view  may  be  found  to  be  totally 
wrong  when  developed  from  another  side,  and  the  time  spent  on 
the  first  view  will  be  wholly  wasted.  For  example,  in  the  present 
case  the  steam  ports  should  be  drawn  in  side  elevation,  end  eleva- 
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tion  and  plan,  and  when  thus  completed  the  mind  can  leave  them 
and  in  a  similar  fashion  take  up  the  study  of  the  flanges,  then  the 
cylinder  foot,  and  so  on.  Thus  again  the  draftsman  is  master  of 
his  drawing,  for  he  is  continually  making  it  tell  him  whether  he 
is  right  or  wrong.  If,  on  the  contrary,  he  allows  himself  to  look 
at  but  one  side  at  a  time,  and  works  from  that  standpoint  alone, 
it  may  lead  him  into  many  difBculties  from  which  he  cannot 
readily  extricate  himself. 

Do  not  be  afraid  to  use  the  eraser.  The  draftsman  who 
hesitates  to  draw  until  he  is  positive  that  no  change  will  be  neces- 
sary, is  likely  to  spend  the  greater  portion  of  his  time  in  unprofit- 
able dreams,  for  he  is  attempting  the  impossible.  A  drawing  is  a 
means>  not  an  end ;  and,  as  has  been  already  pointed  out,  it  greatly 
assists  the  draftsman  in  clearing  up  many  doubtful  questions  which 
the  imagination  alone  cannot  do. 

A  bold  attack  of  a  problem  shows  the  quickest  path  to  its 
solution,  even  if  lines  must  be  erased  again  and  again.  It  is  a 
sign  of  serious  lack  of  ability  to  hesitate  in  the  use  of  pencil  and 
eraser. 

Attention  is  ealled  to  the  simple,  straightforward  character 
of  Plate  G.  Notice  the  almost  entire  absence  of  dotted  lines ;  the 
enlarged  section  through  the  ports,  giving  ample  opportunity  for 
dimensions  without  confusion ;  the  use  of  a  half  end  elevation  and 
a  half  cross-section, —  the  one  to  make  clear  the  flange  and  bolt 
layout ;  the  other  to  show  the  exhaust  opening,  the  small  auxiliary 
views  (drawn  at  convenient  points)  of  the  exhaust  flange  layout, 
the  cylinder  foot  and  the  drip  boss. 

A  steam  cylinder  is  a  fairly  complicated  casting ;  and  it  would 
be  an  easy  matter,  by  the  use  of  elaborate  views,  the  dotting  in  of 
parts  already  completely  shown,  and  careless  line  work,  to  rob 
this  drawing  almost  entirely  of  its  clearness  and  directness  of 
illustration.  Ju%t  what  is  necessary  (for  clearness'  sake)  and  no 
more  (for  cheapness'  sake),  is  the  whole  matter  in  a  nutshell,  and 
is  what  determines  its  shop  and  commercial  value. 

Dimensions  and  Letters.  A  good  line  drawing  can  be 
spoiled  by  poorly  arranged  dimensions  and  hasty  lettering.  The 
five  principal  points  to  be  kept  in  mind  to  develop  excellence  in 
this  respect  are : 
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(1)  System. 

(2)  Accuracy. 

(3)  Clearness. 

(4)  Completoness. 

(5)  Character. 

System.  The  habit  of  system  in  placing  figures  and  letters 
on  a  drawing  is  the  one  element  which,  to  a  large  extent,  controls 
all  the  others.  If  the  systematic  habit  is  established  early,  the 
other  requirements  will  be  fulfilled  more  easily.  A  haphazard 
method  will,  on  the  contrary,  just  as  surely  prevent  the  successful 
cultivation  of  the  ability  to  figure  a  drawing.  In  fact,  if  the  hap- 
hazard habit  is  continued  it  will  itself,  by  the  dissatisfaction  which 
it  causes,  soon  compel  the  draftsman  to  change  his  occupation. 

In  the  first  place,  whatever  part  of  a  machine  detail  is  to  be 
dimensioned,  that  particular  part  should  receive  attention  until  it 
has  been  completely  figured.  Do  not  jump  from  one  point  to  an- 
other, putting  in  a  figure  here  and  another  there.  Stick  to  one 
thing  until  it  is  done. 

For  example,  take  Plate  F  and  the  simple  detail  of  the  steam 
pipe.  Suppose  we  start  with  one  of  the  square  flanges.  The  first 
question  is :  *'  Where  is  this  flange  located  ? "  This  is  answered 
by  the  dimensions  5  inclies  and  12-inch  centers,  which  refer  the 
face  of  the  flange  to  the  center  of  the  pipe  and  the  flanges  to  each 
other.  The  next  question  is  :  "  What  are  the  three  dimensions  of 
the  flange, —  length,  breadth  and  thickness?"  This  is  readily 
answered  as  shown  on  the  drawing.  The  next  question  is :  "  What 
further  description  is  necessary  to  completely  specify  the  shape  of 
the  flange?"  This  is  answered  by  the  radius  of  the  comers,  | 
inch  R.  Next,  **  What  drilling  or  special  feature  exists  in  the 
flange?"  This  is  answered  by  -J^J-inch  drill,  3^-inch  centers,  and 
the  letter/  to  denote  that  the  face  is  to  be  finished. 

The  round  flange  of  this  pipe  is  approached  and  figured  in 
the  same  way,  except  that  the  location  of  the  face  is  preferably 
reierred  to  the  face  of  the  square  flange  by  the  figure  8^  inches, 
instead  of  to  the  center  of  the  pipe,  because  the  planer  hand  will 
more  naturally  use  this  figure. 

These  flanges  are  now  to  be  connected  by  a  pipe  involving 
two  sizes.  The  main  pipe  is  3  inches  diameter  inside,  4  inches 
outside,  and  ^  inch  thick,  running  into  the  two  branches  by  fillets 
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and  radii,  as  figured.  The  two  branches  are  really  one  pipe,  2| 
inches  inside,  3^  inches  outside,  ^  inch  thick,  and  sweeping  down 
into  the  square  flanges  by  4-inch  radius. 

This  systematic  method  takes  longer  to  explain  than  to 
actually  execute,  but  it  is  typical  of  the  train  of  thought  which 
must  be  followed  on  all  pieces,  simple  or  complicated,  in  order 
to  properly  place  dimensions. 

In  general,  it  may  be  stated  that  all  parts  of  a  piece  must  be 
referred  either  to  each  other,  or  to  some  common  reference  line,  or 
to  both.  Each  part  so  referred  must  then  be  figured  as  a  piece  by 
itself,  and  then  its  connections  to  the  principal  structure.  Thus, 
figuring  a  machine  detail  involves  three  things: 

(1)  Relative  location  of  its  parts. 

(2)  Proportions  of  these  parts. 

(3)  Proportions  of  conneoting  members. 

As  in  the  original  design  of  a  piece  so  in  the  figuring  of  it, 
the  draftsman  must  as  far  as  possible  put  himself  in  the  place  of 
the  workman,  judging  the  methods  and  processes  of  construction 
and  available  tools.  Tliis  will  largely  influence  the  arrangement 
of  the  dimensions.  Of  course  it  implies  considerable  experience 
in  shop  work,  which  some  students  do  not  possess.  He  can  begin 
none  too  early,  however,  to  learn  to  look  at  his  work  from  the 
shop  standpoint,  and  surely  make  it  some  better  on  that  account. 

Pieces  must  not  only  be  systematically  dimensioned,  but 
regularly  specified  and  called  for  by  suitable  titles. 

A  title  should  specify  at  least  three  things : 

(1)  Name  of  piece. 

(2)  Number  wanted  for  one  machine. 

(3)  Material. 

To  these  might  be  added  a  fourth;  viz.,  pattern  or  piece 
number.  The  latter  is  not  specified  on  the  drawings  under  dis- 
cussion, because  systems  of  pattern  and  piece  numbering  are  so 
varied  that  little  would  be  gained  by  developing  one  for  this 
special   study. 

These  titles  should  always  be  put  on  in  the  same  way,  as  the 
workmen  become  used  to  a  certain  system  and  are  likely  to  mis- 
understand directions  if  a  regular  plan  is  not  followed.  A  good 
way  to  arrange  titles  is  suggested  on  the  plates,  although  there 
are  others  which  might  be  used. 
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Bolts  are  usually  specified  by  diameter  and  length  under  the 
head,  the  length  of  thread  being  to  some  standard  system  in  use 
by  the  shop,  unless  otherwise  called  for.  Bolts  are  specified  on 
the  sheet  containing  the  piece  into  which  they  are  tapped.  In  the 
case  of  through  bolts,  tapped  into  neither  piece,  they  are  preferably 
called  for  in  connection  with  the  principal  member. 

Accuracy.  Of  course  the  dimensions  on  a  drawing  must  be 
accurate.  It  is,  however,  a  veiy  easy  matter  to  make  errors. 
To  insure  accuracy  a  figure  must  never  be  put  down  carelessly, 
and  a  constant  watch  must  be  kept  that  scaled  figures  add  up  to 
over-all  dimensions.  It  will  not  do  to  rely  'on  scaling  alone,  as  a 
very  slight  variation  from  exact  scale  may  throw  two  dimensions 
out  with  each  other.  In  spite  of  all  the  care  that  can  be  exer- 
cised errors  will  creep  in,  and  a  final  thorough  checking  must  be 
given  a  drawing  before  it  is  pronounced  complete.  A  good  rule 
to  follow  in  checking  up  is  to  "  assume  everything  wrong  until  it 
is  pipved  to  be  right." 

Clearness.  As  in  the  line  drawing  itself,  there  must  be  abso- 
lute clearness  of  instruction  by  the  dimensions.  Any  doubt  as  to 
what  a  figure  is,  or  what  it  means,  rules  out  that  figure  as  part  of 
the  drawing.  If  a  piece  is  made  wi-ong  because  doubt  of  this 
character  is  transmitted  to  the  workman,  the  draftsman  is  always 
held  I'esponsible  for  the  error. 

Figures  should,  in  all  cases,  be  placed  where  they  can  be 
most  clearly  read.  They  should  be  bunched  on  a  single  view  as 
far  as  possible,  but  not  when  greater  clearness  demands  that 
another  view  be  used.  It  hinders  the  reading  of  a  drawing 
materially  if  tlie  eye  is  forced  to  jump  over  large  spaces  of  the 
sheet  from  view  to  view,  to  catch  the  several  dimensions  of  a  small 
detail.     Usually  it  is  easy  to  so  group  figures  as  to  avoid  this. 

It  is  a  good  plan  to  keep  dimensions  off  the  body  of  the  draw- 
ing, when  it  can  be  done  so  conveniently.  It  is  not  worth  while, 
however,  to  go  out  of  one's  way  to  do  this,  as  figures  in  the  open 
spaces  of  a  detail  do  not  at  all  destroy  its  clearness. 

Extended  notes  on  a  drawing  to  make  it  clear  should  not  be 
required,  but  they  should  be  used  without  hesitation  if  any  doubt 
exists.  An  explicit  note  of  instruction  is  the  final  resource  for 
clearness  when  the  art  of  drawing  fails  of  its  purpose,  as  it  some- 
times does. 
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Completeness,  A  detail  is  completely  dimensioned  when  it 
shows  all  the  figures  necessary  for  the  workman.  Anything  short 
of  this  is  incompleteness.  As  modem  shops  hold  the  draftsman 
solely  responsible  for  the  design,  the  mechanic  is  not  allowed  to 
modify  it  by  filling  in  any  omitted  dimensions.  The  only  way  to 
be  sure  that  all  the  dimensions  are  on  is  to  systematically  go  all 
i-ound  a  piece  inside  and  out,  according  to  the  method  suggested 
under  the  paragraph  on  "  System." 

It  is  a  good  plan  to  always  bear  in  mind  that  not  only  the 
machinist  is  to  use  the  drawing,  but  also  the  pattern  maker.  For 
the  benefit  of  the  latter,  special  attention  is  desirable  in  figuring 
the  cores.  This  saves  him  some  addition  and  subtraction.  In 
general,  it  has  been  found  that  less  chance  of  error  exists  if  mathe- 
matical work  is  not  required  of  the  shopman,  all  necessary  data 
l)eing  furnished  on  the  face  of  the  drawing. 

Character.  By  character  in  figures  and  letters  is  meant  uni- 
form style,  height  and  slope,  and  a  certain  boldness  peculiar  to 
the  work  of  the  expert  draftsman.  The  last  is  difficult  for  the 
novice  to  acquire.  The  student  should  not  be  discouraged  be- 
cause his  efforts  do  not  look  like  impressions  from  printers'  type. 
Artistic  excellence  is  the  result  of  long  experience,  but  Ls  based  on 
character.  If  the  student  can  once  get  character  into  his  work, 
the  artistic  feature  will,  with  careful  and  constant  practice,  gradu- 
ally develop.  It  is  safe  to  say  that  there  is  no  one  element  of  a 
drawing  which  more  positively  stamps  it  as  the  work  of  an  amateur 
than  the  character  of  the  lettering,  and  every  attention  should  be 
paid  to  getting  out  of  the  apprenticeship  stage  in  this  respect. 
Freehand  lettering  only  is  permitted  in  the  drawings  illustrated 
herewith.  Ruled  letters  are  seldom  found  on  any  working  draw- 
ings, as  the  element  of  time  involved  is  so  great  that  fe^v  shops 
are  willing  to  pay  for  it. 

Uniform  style  requires  that  if  capitals  only  are  used  in  titles, 
they  only  must  be  used  in  notes  and  elsewhere  on  the  drawing.  If 
lower-case  letters  are  used,  they  must  be  used  in  every  part  of  the 
dra\ving.  One  style  should  not  be  mixed  with  another.  The  height 
of  the  letters  should  be  limited  by  two  horizontal  lines,  and  though 
practice  may  render  the  upper  line  unnecessary,  it  takes  but  an 
instant  to  draw  it,  and  uniform  height  is  then  assured.     A  good 
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height  for  titles  of  details  such  as  are  illustrated  is  ^  inch.  The 
height  once  chosen  should  be  adhered  to  throughout  the  whole  set. 
A  medium,  not  a  hard,  grade  of  pencil  (3H)  will  give  the  hand 
greater  freedom.  A  great  temptation  exists  to  omit  titles  from  the 
pencil  drawing,  simply  inking  them  on  the  tracing.  This  is  false 
economy  of  time,  for  in  the  end  it  will  be  found  that  enough  time 
will  be  saved  by  the  certainty  with  which  the  tracing  can  be  made 
to  more  than  pay  for  the  labor  on  the  pencil  drawing.  Again,  it 
permits  the  tracing,  in  regular  shop  practice,  to  be  made  by  cheaper 
labor  than  that  which  produced  the  pencil  dmwing. 

Uniform  slope  is  most  easily  acquired  by  the  use  of  guide 
lines  put  in  at  frequent  intervals.  A  small  wooden  triangle  can 
be  made,  giving  the  required  angle.  The  angle  of  the  letters 
shown^on  the  plates  is  9  d^rees,  or  about  1  inch  slope  in  6  inches. 
The  question  as  to  whether  letters  should  Jncline  backwards,  for- 
wards, or  stand  vertical,  does  not  enter  this  discussion.  Character 
is  not  afiEected  by  the  olope.  The  student  may  choose  whatever 
comes  most  natural  to  him,  but  having  chosen,  the  character  of 
his  work  will  be  spoiled  if  he  varies  it.  The  most  difficult  of  the 
three  is  the  vertical  style;  hence  most  draftsmen  incline  their 
letters.  The  backward  slope  is  used  on  the  plates  of  this  shop 
drawing  paper,  thus  giving  the  student  opportunity  to  compare 
with  plates  in  the  earlier  books,  and  follow  his  preference. 

The  effect  of  change  of  style,  height  and  slope  is  shown  in 
Figs.  2, 8  and  4,  respectively.  Attention  is  called  to  Fig.  5,  which 
is  a  sample  title,  in  which  these  points  are  corrected. 

Principal  Titles,  The  principal  title  of  a  drawing  should 
contain  at  least  seven  items: 

(1)  Name  of  prinoipal  details  shown. 

(2)  Name  of  machine. 

(8)  Firm  Dame  and  location. 

(4)  Scale  of  drawing. 

(6)  Date  of  completion. 

(6)  Draftsman's  signature. 

(7)  Filing  number. 

To  these  are  often  added  others,  but  for  purposes  of  filing  and 
reference  the  above  at  least  mu%t  be  put  on.  The  filing  number 
may  or  may  not  be  put  in  the  title  frame,  but  it  is  really  a  part  of 
it.     It  is  often  put  in  the  margin  below  the  title. 
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An  aiTangement  of  tiUe  should  be  established  and  then  {ol- 
lowed  exactly,  without  variation  either  as  to  tocation  on  slieet  or 
detail  make-up.  Abbreviated  words  are  always  permissible  in 
titles,  provided  the  mean.  ^,  ^^ka  r.VMMnrTI 


Pig.  2. 
Fig-  8. 


ing  is  clear,  S[>ecial  care 
must  be  taken  in  punctua- 
tion, however,  as  a  title, 
whether  abbreviated  or  not, 
has  an  unfinished  apijear- 
aiice  if  the  periods,  coinmtts 
and  other  necessary  punc- 
tuation marks  are  not  in- 
cluded. 

The  sample  title 
illustrated  in  Fig.  5  indi- 
cates the  arrangement 
chosen  for  the  drawings  of 
Part  lY.  Note  that  it  is  necessary  in  this  special  case  to  add  an 
extra  subject  to  the  seven  given  above;  viz.,  the  r^idence  of  the 
studeot  draftsman. 

Ttua  style  of  title  must  be  put  with  care  on  every  drawing, 
even  on  the  rough  pencil  layouts.  In  the  latter  case  it  may  of 
oooise  be  left  in  pencil,  as  the  rough  layouts  are  not  to  be  inked. 


Inking  and  Tracing.     Both  bond  paper  and  tiBoing  oloth  aZQ 
used  in  bnsinesB  practice  lor  finished  diawiii|;8i    It  is  deurable  to 
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keep  a  stock  of  boih  in  any  d]:awing  office,  so  that  either  may 
be  used  as  occasion  requires.  Bond  paper  stretched  on  the 
board  gives  a  beautiful  surface  to  take  the  ink,  and  very  handsome 
and  effective  detail  or  assembled  drawings  can  tlius  be  produced. 

Changes  are  not  quite  as  readily  made  on  bond  paper  as  on 
tracing  cloth,  and  it  takes  a  little  longer  to  make  the  blue  print. 
In  other  ways  the  bond  paper  is  not  quite  as  flexible  to  use  as 
the  tracing  cloth.  However,  one  must  be  guided  entirely  by  shop 
conditions  to  settle  the  question  of  preference.  As  the  tracing 
cloth  is  generally  used,  and  suits  the  purpose  of  the  student 
better,  it  will  be  required  in  this  work. 

The  inking  should  be  done  on  the  rough  side  of  the  cloth. 
One  reason  for  choosing  this  side  is  that  as  the  cloth  tends  to  curl 
under  toward  the  glazed  side,  the  drawing  as  it  lies  right  side  up 
will  tend  to  straighten  itself.  This  seems  to  be  a  small  point,  but 
it  is  a  very  important  advantage  for  filing  and  for  the  convenience 
of  those  who  are  to  handle  the  drawings.  Also  the  rough  side 
takes  colors  and  inks  better  than  the  glazed  side.  To  trace  on  the 
glazed  side  is  not  wrong,  for  it  is  often  done,  but  it  possesses  no 
advantages  of  its  own,  and  has  the  disadvantage  mentioned  above. 

Chalk  dust  scattered  over  the  surface  of  the  cloth  after  it  is 
tacked  down  will  remove  the  slightly  greasy  coating  which  pre- 
vents the  ink  from  flowing  well  from  the  pen.  This  is  always 
necessary  if  the  glazed  side  be  used,  and  usually  for  the  rough 
side.  The  chalk  must  be  carefully  removed  from  the  cloth  before 
inking. 

The  first  step  in  inking  is  to  draw  the  center  lines.  Remem- 
ber that  accurate  intersections  are  of  the  utmost  importance.  No 
circle  is  complete  without  two  intersecting  lines,  preferably  at  90 
degrees,  to  determine  its  center,  and  these  lines  should  be  inked 
before  the  circle.  When  this  is  done  a  definite  point  exists  for 
the  needle  point  of  the  compasses.  If  the  circle  is  di-awn  first  the 
needle  point  may  not  be  placed  accurately  at  the  center  on  the 
pencil  drawing  beneath,  and  the  location  be  thrown  out. 

Likewise  the  principal  center  lines  of  pieces,  the  lines  around 
which  the  pencil  drawing  was  built  up,  should  be  at  once  put  in. 

The  main  body  of  the  drawing,  the  full  lines,  should  be  taken 
i^xt.     In  general,  circles  and  arcs  should  be  inked  first,  but  there 
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are  cases  where  it  is  easier  to  run  the  arcs  into  the  straight  lines 
than  to  match  the  straight  lines  to  the  arcs.  They  are  exceptions, 
however,  and  can  be  judged  only  as  the  case  arises. 

Straight  lines,  horizontal  and  vertical,  should  be  inked  with 
the  TnBquare  and  triangle  in  position.  It  is  a  common  practice  to 
dispense  with  the  use  of  the  T-square  entirely  in  inking  in,  using 
the  triangle  to  match  the  lines  to  the  arcs  already  drawn.  A 
necessity  for  this  implies  very  poor  work  on  the  arcs,  for  with 
any  reasonable  care  true  horizontal  and  vei*tical  lines  will  match 
the  arcs  all  right.  With  regard  to  time  required,  the  accuracy 
with  which  the  T-square  may  be  brought  up  to  a  line,  or  the  tri- 
angle set  on  the  T-square,  more  than  makes  up  for  the  time 
gained  in  even  an  approximate  setting  of  the  triangle  without  a 
guide.  It  is  just  as  easy  to  cultivate  the  habit  of  holding  the  T- 
square  and  triangle  with  the  left  hand  and  the  pen  with  the  right, 
and  draw  an  exact  line,  as  to  lapse  into  the  other  method,  which 
is  not  workmanlike. 

The  lines  of  the  body  of  the  drawing  depend  for  their  width 
upon  the  size  of  the  detail.  For  a  large  piece  they  may  be  ^^^  inch 
wide,  and  the  shade  lines  ^^  inch.  For  a  small  detail  such  widths 
would  be  too  great.  Remember  that  contrast  is  the  principal  aim, 
and  to  produce  it  is  the  only  reason  why  we  use  different  kinds  of 
lines  on  a  drawing.  Hence  the  greatest  care  must  be  exercised  to 
prevent  body  lines  from  becoming  confused  with  center  or  dimen- 
sion lines,  and  vice  versa.  Also  thick  lines  are  desirable  for  the 
pi*oduction  of  a  bold  blue-print. 

Shade  lines  are  shown  on  Plates  I,  K  and  N  only.  They  are 
put  on  according  to  principles  already  explained.  They  certainly 
improve  the  drawing  from  an  artistic  standpoint,  and  the  student 
should  know  how  to  put  them  on  when  desired.  Whether  or  not 
it  IS  desirable  to  adopt  them  on  all  working  drawings  is  not  the 
purpose  of  this  book  to  decide,  or  even  discuss.  Almost  always 
drawings  can  be  made  perfectly  clear  without  them,  and  are  so 
made  and  satisfactorily  used  in  probably  the  majority  of  shops. 
Some  shops  are  willing  to  pay  for  the  extra  time  necessary  to  put 
on  shade  lines ;  this,  however,  is  purely  their  own  investment: 

Cross-section  lines  are  usually  drawn  at  an  angle  of  45 
degrees  with  the  horizontal,  and  on  sections  which  are  adjacent 
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to  Bach  other  the  slope  should  be  in  different  directions.  If  three 
or  more  sections  come  t<^ther  the  width  between  section  hnes 
can  be  so  changed  as  to  indicate  clearly  the  different  parts.  An 
example  of  this  ia  shown  in  Fig,  6. 

The  spacing  of  section  lines  must  not  be  too  fine,  rarely 
closer  than  ^^  inch,  more  often  from  ^  to  ^  inch,  else  the  labor 
involved  is  too  great  and  uniformity  practically  impossible.  It  is  a 
waste  of  time  to  rule  in  section  hnes  on  the  pencil  drawing ;  they 
may  be  sketched  in  freehand,  as  shown  on  the  original  layout  of 
the  steam  cylinder.  Even  spacing  concerns  the  tracing  alone, 
and  the  student  should  train  his  eye  to  regularity  as  he  traces. 
The  thickness  of  section  lines  may  he  intermediate  between  that 
of  center  lines  and  body  lines  of  the  drawing. 

Inking  Dimensions  and  Letter».  Extension  lines  may  be 
dotted,  as  explained  in  Part  III, 
or  t^ey  may  he  fine,  full  lines, 
the  latter  method  being  illus- 
trated in  the  series  of  pump' 
plates  in  this  paper.  Dimeu' 
sion  lines  are  also  often  made 
fine,  full  lines.  If  these  lines  are 
made  fuU  they  should  be  made 
as  fine  as  it  is-possible  to  draw 
them  and  still  have  them  firm, 
clear  lines.  The  same  width 
should  he  used  as  for  center  lines. 

Character  in  inked  figures 
and  letters  is  more  difficult  to 
attain  than  in  pencil  work.  In 
the  first  place  a  pen  suitable  to 
the  style  of  drawing  is  necessary.  A  civil  engineer's  fine  map- 
ping pen,  which  gives  character  to  his  drawing,  is  not  desirable  in 
producing  the  bold  character  of  a  machine  drawing.  For  the 
latter  choose  a  rather  stiff,  blunt  pen  which  is  not  "scratchy,* 
but  runs  smoothly,  making  a  line  of  uniform  width.  A  pen  with 
a  round,  or  ball-shaped  nib,  recently  put  on  the  market,  answers 
thi  purpose  well  for  ordinary  detuls.  A  bold,  free  stroke  should 
be  made  with  the  idea  of  prodocing  a  smooth,  even  line,  finished 
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at  the  first  trial.  The  hesitating  uncertainty  of  the  beginner's 
hand  produces  a  "  shaky  *'  letter,  and  going  over  a  letter  or  figure 
twice  or  more  to  smooth  it  up  usually  makes  it  worse. 

Figures  and  letters  which  are  broad  in  proportion  to  height 
are  easier  to  make,  and  have  more  character.  It  should  never  for 
a  moment  be  forgotten  that  uniform  height  and  ilope  carefully 
followed  will  develop  character  and  quickly  lead  to  artistic 
excellence. 

Foot  and  inch  marks  are  often  put  after  figures  according  to 
the  common  usage.  In  cases  where  feet  and  inches  are  expressed, 
thus :  3' — G'^,  or  4'  —  0*^,  they  are,  of  course,  absolutely  necessary, 
and  the  dash  between  the  figures  must  be  very  positively  indi- 
cated. In  cases  of  inch  dimensions  alone  the  marks  may  be  put 
on  if  desired,  but  where  there  can  be  no  doubt  that  inches,  and' 
not  feet,  are  meant,  the  inch  marks  are  not  necessary.  This  prac- 
tice is  followed  on  the  plates  of  this  paper. 

Abbreviations.  A  list  of  the  most  common  abbreviations  in 
use  on  working  drawings  follows.  This  list  has  been  adopted  for 
the  plates  in  Part  IV: 

F.  A.  O finished  aU  ovev. 

/. • finished  surface. 

R radius. 

D diameter. 

B.  H right  hand. 

L.  H left  hand. 

P.  R piston  rod. 

P.  TAP pipe  tap. 

CTRS centers. 

C.  I cast  iron. 

8.  C steel  casting. 

Bz bronze. 

C.  R.  S coldroHed  steeL 

T.  S tool  steel. 

O.  H.  S open  hearth  steel* 

W.  I wrought  iron. 

Plate  E.  Piston  Rod  and  Valve  Stem.  The  piston  is  of 
the  one-piece  box  type,  with  sprung-in  rings.  The  width  is  re- 
duced to  4|  inches  at  the  outside,  so  that  if  the  piston  strikes  the 
cylinder  heads  it  will  not  tend  to  spring  and  break  off  the  narrow 
ridge  of  metal  outside  of  the  packing  ring.  The  piston  rod  is 
fastened  to  the  piston  on  a  taper  drawn  in  by  a  nut,  and  the 


133 


MECHANICAL    DRAWING.  33 

nut  is  checked  by  a  ^inch  split  pin.  The  packing  rings  are  pre- 
vented from  slipping  round  the  piston  by  lugs  fitting  loosely  in 
chipped  recesses  in  the  groove.  These  being  at  opposite  sides  for 
jeach  groove,  the  leakage  of  steam  through  the  split  in  the  ring  is 
minimized,  for  it  must  pass  half  way  round  the  piston  before  it  can 
pass  through  the  split  in  the  other  ring.  This  is  a  simple,  but 
fairly  effective,  device. 

The  packing  rings  are  usually  cast  in  the  form  of  a  cylinder 
of  some  length,  turned  to  a  diameter  a  little  larger  than  the  cylin- 
der bore,  cut  off  to  the  required  width,  and  sufficient  space  cut 
out  to  permit  being  sprung  in  to  the  size  of  cylinder  bore. 

The  location  of  the  spool  on  the  piston  rod  is  not  positively 
known,  as  the  setting  of  the  valve  bracket  may  be  slightly  differ- 
ent from  what  the  drawing  calls  for.  Hence,  instead  of  a  dimen- 
sion, the  words  '^  measure  for "  are  put  on,  to  indicate  that  the 
spool  be  located  during  the  erection  of  the  pump.  The  hexagonal 
flanges  of  the  spool  are  convenient  to  hold  the  rod  from  turning 
while  screwing  on  the  piston  and  plunger  nuts. 

Molding  and  Machining.  There  are  no  special  features  con- 
nected with  the  molding  and  machining  of  parts  on  Plate  E.  The 
holes  in  the  piston  side  walls  are  necessary  to  give  supports  for 
the  core,  the  piston  being  cast  on  its  side.  These  holes,  after  the 
core  is  cleaned  out  through  them,  are  plugged  as  indicated. 

Plate  F.  Steam  Chest  and  Valve.  The  steam  chest  in 
this  instance  is  located  on  the  cylinder  by  fitting  down  over  the 
ledge  made  by  the  valve  seat.  The  side  flanges  also  serve  the 
purpose  of  guiding  the  valve.  It  will  be  noticed  that  the  steam 
chest  cover  is  15^  inches  X  H^  inches,  while  the  steam  chest  is 
15  inches  X  H  inches.  This  allows  a  ledge  of  \  inch,  all  around 
which  the  cover  overhangs  the  walls  of  the  chest.  The  steam 
cylinder  flange  in  order  to  con-espond  must  likewise  be  15^  inches 
X  11^  inches.  The  reason  this  is  done  is  because  of  the  difficulty 
of  making  good  matched  joints  between  the  cylinder  flange,  chest 
and  cover.  The  practice  of  thus  leaving  a  little  ledge  all  round 
18  by  no  means  universal,  and  often  the  irregularity  in  the  joints 
is  smoothed  off  by  chipping.  This  is  the  case  with  the  other 
flanges  on  this  pump.  The  steam  chest,  however,  was  thought 
less  likely  to  match  properly,  and  the  slight  overhang  gives  the 
finished  appearance  of  a  sort  of  beaded  edge. 
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The  valve  is  what  is  known  as  a  "square  "  slide  valve.  This 
means  that  when  the  valve  is  placed  central  on  the  ports  its  work- 
ing edges  are  "  square  "  with  the  ports  ;  that  is,  in  exact  line  with 
them.  If  the  valve  be  moved  either  way  from  this  position,  the 
slightest  travel  will  admit  steam  to  one  end  of  the  cylinder  and 
exhaust  it  from  the  other.  (See  Plate  A.)  Another  way  of  suiting 
this  is  to  say  that  a  "square"  slide  valve  is  a  slide  valve  without 
"lap." 

The  valve  is  driven  from  the  valve  stem  by  the  striking  of 
the  nuts  against  the  lug  on  its  top.  Since  the  valve  is  already 
guided  on  its  edges  by  the  steam-chest  flange,  the  valve  stem,  to 
avoid  springing,  must  he  perfectly  free  in  the  slot  cast  for  it,  as  is 
shown  by  the  |-inch  r.ulius  of  the  tottom,  the  stem  being  1  inch 
in  diameter. 

The  steam-pipe  flange  is  made  square  to  keep  the  height  of 
the  chest  as  low  as  possible.  The  radius  of  the  bend  should  be 
ample  ;  in  this  case  4  inches  is  considered  sufiicient. 

The  exhaust  tee  must  have  its  upper  flange  high  enough  so 
that  the  chest  cover  can  be  lifted  and  slipped  off  the  studs  without 
interfering  with  it.  The  lower  flanges  should  be  made  wide 
enough  to  permit  the  tap  IxAts  to  be  put  in  without  striking  the 
4-inch  vertical  pipe,  5-inch  centers  being  necessary.  The  J-inch 
drip-cock,  as  located,  readily  drains  the  steam  chest  and  exhaust 
passage  of  both  cylinders,  as  well  as  tlie  exhaust  tee. 

Molding.  It  is  evident  that  the  steam  chest  will  be  molded 
in  the  position  shown  on  the  drawing.  The  parting  line  of  the 
mold  will  be  through  the  centers  of  the  steam-pipe  opening  and 
the  stuffing-box.  These  holes  must  be  cored  out.  The  main  body 
of  the  chest  could  be  made  to  leave  its  own  core,  but  it  may 
not  be  made  in  this  way.  It  may  be  cheaper  to  fashion  tlie  pattern 
solid,  and  make  one  large  core-box  for  the  inside.  In  this  way 
the  pattern  will  probably  hold  its  shape  better  and  require  less 
repaiis,  than  if  it  were  made  in  green  sand.  The  core-box  will  be 
an  extra  piece  to  make,  but  it  probably  will  cost  no  more  than  to 
carve  out  the  inside  of  the  pattern,  and  is  a  rjither  more  substantial 
job  when  done.  The  molding  qan  be  satisfactorily  done  by  either 
method,  shop  conditiom  being  the  controlling  element.  As  far  as 
the  labor  of  molding  alone  is  concerned,  the  first  method  is  prob- 
ably easier,  as  it  saves  handling  large  cores. 
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The  other  parts  in  Plate  F  are  very  simple  in  their  molding, 
and  require  no  special  attention. 

Machining.  Most  of  the  surface  work  on  this  plate  is  adapted 
to  the  planer.  The  slide  valve  may,  perhaps,  if  finished  in  lots  of 
considerable  number,  be  more  satisfactorily  handled  on  the  milling 
machine.  The  final  finish  of  the  face  of  the  valve  must  be  a  scraped 
fit  to  its  seat. 

The  drilling  of  the  cover  and  pipe  flanges  is  to  actual  layout 
on  the  casting,  or  preferably,  through  jig  plates.  A  templet  for 
Liying  out  is  at  least  desirable,  even  though  the  expense  of  a  jig 
plate  be  not  deemed  necessary. 

Plates  C  and  D.  Valve  Motion  Layout.  These  plates  rep- 
resent the  layout  of  the  valve  motion,  and  are  necessary  in 
order  to  find  the  length  of  the  levers  and  rocker  arms.  It 
will  be  noticed  in  Plate  D  that  the  valve  stem  of  one  side  of 
the  pump  is  controlled  by  the  movement  of  the  piston-rod  of  the 
other  side,  the  proper  direction  of  motion  being  given  to  the  valve 
by  placing  the  rocker  shaft  above  or  below  the  valve  stem  as 
required.  By  reference  to  Plate  A  it  will  be  further  noticed 
that  the  nuts  on  the  valve  stem  inside  the  chest,  which  abut 
against  the  faces  of  the  lug  on  the  valve,  do  not  rest  Jigainst  the 
faces  of  the  lug  in  the  position  shown,  but  have  considerable 
lost  motion.  This  lost  motion  is  one  of  the  essential  features 
of  the  valve  motion  of  a  duplex  pump,  and  permits  the  valve  to 
remain  at  rest  for  a  short  period  at  the  end  of  the  stroke,  though 
the  valve  stem  may  have  reversed  its  motion  and  begun  its 
return  stroke.  When  this  lost  motion  is  taken  up  by  the  move- 
ment of  the  stem  and  the  nuts  abut  against  the  lug  on  the 
valve,  the  valve  will  move,  and  from  this  point  to  the  end 
of  the  stroke  be  positively  controlled  by  the  motion  of  the  stem. 
At  the  end  of  the  stroke  the  stem  will  reverse,  when  the  lost 
motion  will  again  permit  the  valve  to  rest  for  the  same  period 
as  at  the  other  end,  and  then  move  on  as  before.  The  time  of 
rest  of  the  valve,  and  consequently  the  pistons  and  plungers,  is 
approximately  one-third  the  period  of  the  stroke.  This  means 
that  the  piston  on  one  side  tmvels  one-third  of  its  stroke  before 
it  picks  up,  through  the  valve  levers,  the  valve  on  the  other 
side.     During  the  second  third  of  its  travel  it  is  bringing  the. 
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valve  to  the  point  of  opening.  During  the  last  third  of  its  travel 
it  is  opening  the  port,  wider  and  wider,  to  steam.  Thus  the 
opposite  piston  will  start  when  the  first  piston  has  covered  two- 
thii-ds  of  its  stroke,  and  there  will  be  only  one-third  of  the  stroke 
when  both  pistons  are  moving  at  the  same  time. 

This  relative  period  of  rest  to  motion  is  not  always  made 
in  this  exact  ratio,  but  is  at  least  approximate  to  it.  The 
period  of  rest  at  the  end  of  the  stroke  is  to  allow  the  water  end 
to  adjust  itself  quietly  to  the  reversal  of  motion  about  to  take 
place  at  the  end  of  the  stroke.  When  the  plunger  stops,  the 
water  valves  must  be  given  time  to  seat  themselves,  and  the  flow 
of  water  through  the  passages  checked.  It  is  much  easier  to  start 
the  flow  in  the  opposite  direction  if  the  reversal  of  plunger  motion 
is  not  instantaneous.  Hence  for  handling  long  columns  of  water, 
which,  once  in  motion,  tend  by  considerable  energy  to  remain  in 
motion,  the  duplex  pump  by  this  peculiar  delayed  action  has  been 
found  to  be  well  suited. 

It  will  be  found  that  for  complete  uncovering  of  port,  and 
motion  divisible  into  thirds  as  described,  the  travel  of  the  valve 
stem  should  be  three  times  the  width  of  port,  or  3  X  J  inch  =  2| 
inches.  A  little  more  than  this  is  allowed,  and  the  ti*avel  made 
2|  inches  in  this  case.  Referring  to  Plate  C,  this  distance  is  laid 
off  as  shown  by  the  two  limiting  vertical  lines  across  the  line  of  the 
valve  stem,  the  central  vertical  line  of  mid-position  being  drawn. 
The  problem  then  is  to  find  such  centers  for  the  rocker  arms  that 
the  travel  of  the  piston-rod  spool  will,  through  proper  leverage, 
produce  travel  of  the  valve  stem  between  these  two  vertical  lines. 
This  can  readily  be  done  by  a  few  trials,  the  only  requirement 
for  this  case  being  that  the  extremes  of  the  arc  of  swing  of  both 
piston-rod  lever  and  rocker  arm  shall  be  equally  above  and  below 
the  center  of  piston  rod  and  valve  stem  respectively.  The  greatest 
possible  travel  of  the  piston-rod  spool,  12J^  inches,  is  usually  laid 
out  in  this  case,  not  the  nominal  12  inches. 

From  this  layout  the  lengths  of  the  levers  and  arms  may  be 
scaled  off  for  the  detail  drawing,  also  the  location  of  the  rocker- 
arm  centers.  The  student  has  the  former  given  him  on  Plate  K, 
but  the  latter,  which  is  necessary  for  the  development  of  Plate  L, 
must  be  determined  by  his  own  layout.     Plate  D  must  also  bo 
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laid  out  before  developing  the  cross-section  of  the  valve  bracket. 

The  design  of  stuffing  boxes  for  both  steam  and  water  ends, 
and  the  length  of  the  yoke,  should  be  determined  next.  A  safe 
method  of  assuming  clearance  between  the  spool  and  the  gland 
studs  at  the  end  of  the  stroke,  is  to  imagine  that  the  gland  stud 
nuts  have  accidentally  worked  oflF  the  studs,  so  that  they  are  about 
to  drop.  They  are  thus  shown  by  dotted  lines  on  Plate  C.  A 
good  clearance,  say  ^  inch  to  ^  inch,  is  then  allowed,  and  the  gland 
drawn  in.  The  length  of  the  gland  is  determined  by  the  number 
of  rings  of  packing  necessary  in  the  stuffing  box;  it  is  usually  pro- 
vided that  the  gland  may  compress  the  packing  to  about  one-half 
its  original  depth  before  bringing  up  against  the  face  of  the  box. 
Packing  |  inch  square  will  do  for  this  size  of  piston  rod,  hence 
the  faces  of  the  yoke  are  easily  determined,  and  its  detail,  with 
the  stuffing  boxes,  proceeded  with  as  on  Plate  L.  The  length  of 
yoke  may  be  brought  to  an  even  figure;  and  proceeding  on  the 
above  plan  the  length  can  be  conveniently  made  in  even  inches 
without  any  fractions;  viz.,  28  inches. 

It  will  be  noticed  that  the  stuffing-box  flanges  serve  to  center 
the  yoke  in  line  with  the  steam  and  water  cylinders.  This  is  a 
desirable  feature  of  construction,  and  forms  a  simple  and  easy 
method  for  lining  up  the  steam  and  water  ends. 

Plate  K.  Valve  Motion  Details.  The  piston-rod  levers  on 
this  plate  are  specified  to  l^e  steel  forgings.  Forgings  of  this  kind 
are  expensive,  but  are  light,  neat  and  reliable  for  the  important 
service  which  they  have  to  perform.  Castings,  whether  steel  or 
iron,  are  much  cheaper,  and  perhaps  more  commonly  used  for  this 
detail.  When  sound  they  are  equally  serviceable,  though  of  moi'e 
clumsy  proportions ;  but  the  danger  in  castings  of  this  form  is  the 
existence  of  hidden  flaws  or  pockets,  which  frequently  occur  at 
the  points  where  the  hub  or  the  fork  joins  the  arm.  These  flaws 
cannot  be  readily  detected  from  the  outside,  and  breakage  may 
occur  at  some  critical  time,  when  the  disability  of  the  pump  may 
be  a  serious  matter. 

The  use  of  shade  lines  is  illustrated  on  this  plate.  The 
increased  artistic  effect  is  noticeable,  but  it  would  seem  that 
absolute  clearness  would  still  exist,  even  if  shade  lines  were  not 
used. 
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It  will  be  noticed  that  on  the  detail  of  the  ''  link  pin  "  two  of 
the  dimensions  have  a  short  "wavy"  line  beneath  the  figures. 
This  is  one  of  the  several  ways  of  indicating  that  the  dimension 
is  "out  of  scale."  Some  draftsmen  use  a  straight  dash  beneath 
the  figure;  some  draw  a  circle  about  it;  some  print  after  the 
figure,  "  out  of  scale."  Although  workmen  are  not  allowed  to 
scale  drawings,  but  are  required  to  "  work  to  figures  only,"  yet 
for  general  safety^s  sake,  and  for  the  sake  of  the  draftsmen  who 
consult  the  drawings  frequently,  attention  must  be  called  to  any 
variation  of  the  figure  from  the  measured  distance  on  the  drawing. 
Nothing  makes  a  workman,  or  any  one  else  who  reads  a  shop 
drawing,  lose  confidence  in  it  more  quickly  than  to  discover  that 
it  does  not  "scale";  but  when  no  indication  exists  that  the  drafts- 
man himself  is  aware  of  it,  then  every  dimension  is  viewed  with 
doubt  and  hesitation,  and  the  drawing  becomes  practically  worth- 
less. 

Dimensions  seldom  should  be  out  of  scale ;  but  if  they  are, 
through  error  or  necessary  change,  a  carefully  worded  note  should 
be  added. 

Molding  and  Machining.  No  special  features  of  molding  or 
machining  are  noteworthy  on  Plate  K. 

Plate  L.  Yoke,  Stuff ins^-twxes.  Bracket,  etc  Having  worked 
up  the  layouts  of  Plates  C  and  D,  the  student  has  enough  informa- 
tion to  proceed  with  Plate  L.  This,  like  Plate  G,  is  without 
dimensions,  the  student's  work  being  to  make  the  drawing  and  fill 
in  the  necessary  shop  data. 

The  valve-lever  bracket  is  bolted  down  to  its  lug  on  the  yoke 
through  holes  larger  than  the  bolt,  thus  permitting  slight  adjust- 
ment. When  the  proper  location  is  determined,  the  bracket  is 
positively  fixed  in  position  by  two  dowels,  ^  inch  in  diameter. 
The  holes  in  both  bracket  and  yoke  are  drilled  through  both  pieces 
at  the  same  operation.  This  veiy  common  method  of  fixing  bolted 
parts  of  machinery  in  absolute  position  not  only  assures  firmness, 
but  also  in  case  of  removal,  permits  the  part  to  be  readily  and 
positively  replaced  in  its  exact  original  position. 

If  possible,  the  steam  cylinder  cricket  should  be  of  such 
height  that  the  stone  or  brick  work  upon  which  it  rests  shall  be  at 
the  same  level  as  that  beneath  the  water  cylinder.     The  tapped 
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holes  in  the  top  suiiace  receive  bolts  from  the  cylinder  foot. 
These  bolts  are  often  used  only  for  shipping  purposes,  the  cylinder 
foot  when  the  pump  is  set  up  being  allowed  to  slide  freely  on  the 
cricket,  thus  permitting  free  expansion  and  contraction.  In  such 
cases  the  water  end  is  rigidly  fastened  to  the  foundation  by  hold- 
ing down  bolts. 

Molding  and  Machining,  The  valve  lever-bracket  would 
most  naturally  be  molded  with  the  axes  of  the  shafts  vertical,  the 
parting  line  of  the  mold  being  the  center  line  of  the  middle  web. 
This  makes  quite  a  long  ''  draw "  for  the  shaft  bosses,  but  tho 
ample  taper  on  the  outside  overcomes  this  difficulty.  The  space 
between  the  side  webs  leaves  its  own  core.  The  shaft  cores  stand 
on  end  in  the  mold,  which  is  the  best  position  for  strength  and 
stability. 

Another  method  is  to  have  the  parting  line  of  the  mold  on 
the  vertical  center  line  of  the  bracket,  as  shown  in  the  end  view. 
In  this  case  the  bracket  would  be  cast  on  its  side,  and  cores  must 
be  set  for  each  side  of  the  middle  web.  The  shaft  cores  are  set 
as  ejisily  as  before,  but  in  this  case  lie  flat.  As  with  the  steam 
chest,  each  method  has  its  advantages,  which  depend  largely 
upon  existing  conditions.  As  cored  work  is  generally  avoided 
whenever  possible,  the  first  method  would  probably  be  chosen. 

The  shaft  bosses  are  "  chamber-cored,"  to  save  labor  in  bor- 
ing, the  bearing  surface  for  the  shaft  being  only  a  short  distance 
at  the  ends.  The  chamber-core  diameter  should  be  enough  larger 
than  the  shaft  so  that  by  no  possibility  can  the  cutter  run  into  the 
rough  scale,  even  if  the  hole  be  bored  slightly  out  of  line.  If  it 
should  do  this,  the  labor  of  caring  for  the  cutters  more  than  offsets 
the  attempted  saving  of  labor. 

The  yoke  is  simply  a  barrel  open  at  each  end,  and  with  a 
piece  cut  out  of  its  side.  The  inside  evidently  must  be  cored  out, 
and  the  core  is  satisfactorily  supported  at  the  ends  on  its  horizontal 
axis.  The  parting  line  of  the  mold  may  be  either  the  vertical  or 
horizontal  axis  of  the  end  view,  the  only  difference  being  that  in 
one  case  the  ledge  for  the  valve  bracket  will  '*  draw,"  and  in  the 
other  case  it  must  be  loose  on  the  pattern  and  "pulled  in"  after 
the  main  pattern  is  drawn. 

The  cricket  and  stuffing  boxes  present  no  difficulties.     The 
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bore  of  the  stuffing  boxes  and  glands  should  be  from  ^^  inch  to  ^^ 
mch  larger  than  the  rod,  to  allow  the  fit  to  be  entirely  between  the 
rod  and  the  packing. 

The  horizontal  boring  machine  with  a  double  facing  head  is 
adapted  to  boring  and  facing  the  yoke  flanges.  The  drilling  is 
accomplished  as  before  by  templet  or  jig. 

Attention  is  called  to  the  tapped  holes  for  oil  or  grease  cups 
on  the  valve-lever  bracket.  The  holes  on  the  lower  boss  cannot 
be  drilled  strictly  as  shown,  because  the  drill  shank  will  not  clear 
the  upper  boss.  They  should  be  swung  around  the  boss  at  such 
an  angle  as  will  allow  the  drill  to  clear.  This  is  a  good  instance 
of  the  common  error  of  drawing  details  which  cannot  be  made,  and 
constant  watch  must  be  kept  to  avoid  such  mistakes. 

Plate  B.  Water  End  Layout.  As  in  the  preceding  work. 
Plates  H  and  I  being  given  in  full  detail  offer  a  good  start  for 
the  development  of  the  water  cylinder,  which  is  the  purpose  of 
Plate  B.  As  before,  work  should  begin  at  the  inside  and  progress 
outwards.  Thus  the  piston  rod  with  its  nut  should  be  drawn  first, 
the  hub  of  the  plunger  built  around  it,  then  the  plunger  barrel, 
the  bushing,  and  ring  to  clamp  the  bushing.  The  limits  of  the 
plunger  travel  should  be  sketched  in,  and  the  valve  outline  shown 
in  order  to  determine  clearances.  The  progress  of  Plate  B  is  on 
exactly  the  same  basis  as  that  stated  in  detail  for  the  steam  cylin- 
der layout ;  hence  it  need  not  be  repeated. 

The  points  controlling  the  design  of  the  water  end  must, 
however,  be  studied  to  enable  the  student  to  work  intelligently. 
The  fit  of  the  rod  into  the  plunger  hub  is  loose,  ^^-inch  play 
being  allowed,  in  order  to  permit  the  plunger  to  be  guided  solely 
by  its  bushing,  and  thus  be  independent  of  any  change  of  align- 
ment of  the  piston  rod. 

The  relative  length  of  plunger  and  bushing  should  allow  the 
end  of  the  plunger  to  overrun  the  edge  of  the  bushing  at  the  ter- 
mination of  tl^e  stroke,  to  prevent  the  formation  of  a  shoulder. 
The  bushing  is  made  of  brass  because  of  the  better  bearing  of 
the  two  dissimilar  metals,  brass  and  iron.  Of  course  there  is  no 
lubrication  except  the  water,  and  the  dissimilar  metals  tend  to 
*^cat"  less  than  if  both  were  alike.  The  brass  bushing  also  pre- 
vents the  plunger  from  ^^  rusting  in  "  in  case  of  long  periods  of 
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disuse.  The  bushing  being  of  expensive  material  is  made  as  light 
as  possible,  hence  it  has  no  stiffness  of  its  own.  Therefore  it  is 
reinforced  by  a  deep  cast-iron  ring,  which  also  takes  the  bolts  and 
clamps  the  bushing  tightly  to  its  ground  seat.  These  stud  bolts 
are  usually  made  of  "  tobin  bronze,"  a  rust-proof  material,  possess- 
ing strength  almost  as  great  as  that  of  steel.  This  arrangement 
permits  ready  removal  of  the  bushing  when  necessary. 

As  the  parts  of  the  common  pump  valve  illustrated  in  detail 
on  Plate  H  must  be  often  replaced  during  service  of  the  pump, 
provision  must  be  made  for  unscrewing  the  stem  and  substituting 
a  new  one.  This  must  be  done  through  the  hand  holes  provided 
on  the  cylinder.  The  lower  valve  deck  must  be  located  so  that  the 
inner  valves  when  unscrewed  will  not  strike  the  clamp  ring.  As 
shown  in  Plate  B  the  clearance  is  pretty  small,  almost  too  small, 
but  as  it  affects  only  two  valves,  it  will  probably  cause  no  incon- 
venience. No  hand  holes  are  necessary  for  the  end  chambers,  as 
access  to  the  valves  is  had  by  removing  the  outer  heads.  The 
upper  deck  may  be  placed  at  a  height  giving  sufficient  clearance 
to  allow  the  upper  nuts  of  the  clamp  ring  to  be  unscrewed  with  a 
socket  wrench  from  the  end  of  the  pump.  These  decks  are  sub- 
jected to  a  severe  pounding  from  the  pulsations  of  the  pump,  and 
should  be  amply  strong;  1|  inches  is  deemed  thick  enough  for 
this  case. 

The  middle  transverse  wall  may  be  1^  inches  thick  and  the 
middle  longitudinal  wall  a  little  thinner,  about  1^  inches.  With 
high  pressures  these  walls,  being  flat  surfaces  and  the  valve 
decks  likewise,  are  likely  to  fracture  under  the  heavy  pounding. 
To  avoid  making  them  excessively  heavy  they  are  often  strongly 
ribbed,  either  on  the  inside  or  outside,  usually  the  former. 

The  curving  side  walls  are  of  better  form  to  withstand  pres- 
sure, and  need  not  be  as  thick,  1  inch  being  sufficient.  This  can 
be  decreased  to  |  inch  in  the  suction  passage  below  the  deck, 
where  little  pressure  exists. 

The  outer  head  is  also  considered  strong  enough  at  1  inch 
thickness,  on  account  of  its  curved  shape.  It  requires  |-inch  studs. 
Studs  are  preferred  to  tap  bolts  in  this  case,  as  in  all  other  similar 
cases,  on  account  of  the  frequent  unscrewing  of  the  nuts  for  pur- 
pose of  removal.     One  or  two  unscrewings  of  a  tap  bolt  in  cast 
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iron  will  destroy  the  tightness  of  the  thread,  while  the  stud,  being 
steel,  stands  the  wear  better. 

The  valve  seats  are  taper  screwed  into  the  deck;  they  are 
sometimes  forced  in  on  a  plain  taper  fit.  They  are  located  as 
closely  as  strength  of  the  deck  between  the  holes  will  permit.  It 
is  not  well  to  place  the  edge  of  the  valve  closer  than  ^  inch  from 
the  cylinder  walls.  The  valve  holes  in  the  lower  deck  should  be 
in  line,  or  nearly  so,  with  the  holes  in  the  upper  deck,  in  order  to 
allow  the  shank  of  the  mill  to  pass  through  when  milling  the  lower 
holes. 

The  suction  opening  is  7  inches  in  diameter,  12^inch  flange* 
lO^inch  bolt  circle,  |-inch  tapped  holes. 

By  means  of  the  hand  hole  at  the  end  of  the  suction  passage, 
any  dirt  which  may  have  been  brought  in  through  the  suction 
pipe  may  be  removed. 

The  water  cylinder  cap,  discharge  ell  and  air  chamber  may 
be  laid  out  from  the  detail  Plate  I,  and  the  student  must  do  this 
to  see  that  the  parts  actually  go  together  properly. 

With  the  foregoing  discussion  the  student  should  be  able  to 
produce  Plate  B,  which  is  the  preliminary  step  to  the  detail  draw- 
ing of  the  water  cylinder  as  shown  on  Plate  J. 

Plate  J.  Water  Cylinder.  The  water  cylinder  is,  perhaps, 
the  most  complicated  detail  that  the  student  will  meet  in  this  set 
of  plates.  Fundamentally,  it  is  simply  a  box  with  curved  sides, 
divided  by  the  several  walls  into  five  compartments,  each  of  which 
communicates  with  the  outside  by  a  round  nozzle  or  flange.  If 
this  basic  idea  be  kept  constantly  in  mind,  the  student  will  have 
no  trouble  in  building  up  the  detailed  design. 

This  fundamental  conception  of  a  complicated  piece  is  a  very 
important  idea,  and  should  be  developed  carefully  by  the  student. 
It  is  one  of  the  great  secrets  of  good  design,  both  from  an  artistic 
and  a  commercial  standpoint.  We  often  see  a  machine  which 
seems  to  begin  anywhere  and  end  nowhere;  it  appears  to  be  a 
miscellaneous  collection  of  bosses,  lugs,  ribs  and  flanges.  There 
is  no  general  prevailing  shape  to  the  structure,  no  harmony  of  the 
lines.  This  is  because  the  designer,  if  he  may  be  so  called,  did 
not  have  the  fundamental  notion  of  shape,  to  which  all  minor 
details    should    have   been  subordinated.     He    simply    grouped 
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parts  together,  without  considering  the  fundamental    structure. 

In  this  water  cylinder  the  box  is  the  basic  part  of  the  struc- 
ture, and  its  lines  must  be  first  developed ;  they  should  be  designed 
to  convey  a  smooth,  regular  and  consistent  surface  to  the  eye. 
Then  the  nozzles  and  flanges  may  be  added  as  subordinate  parts ; 
they  will  merely  interrupt,  but  not  destroy,  the  prevailing  outline 
of  the  box.  The  dotted  lines  in  the  cross-section  views  of  Plate  J 
show  the  general  shape  behind  and  beneath  the  nozzles. 

The  hand  holes  are  the  same  as  on  Plate  I,  and  ths  detail  of 
the  cover  should  specify  the  number  required  for  both  places. 

Provision  for  draining  the  four  chambera  of  the  water  cylin- 
der is  made  by  the  |-inch  pipe  tap  holes  at  the  lower  deck,  and 
the  cap,  likewise,  by  the  single  hole  at  the  upper  deck.  Drip 
cocks  are  screwed  into  these  holes. 

The  holding-down  bolts  should  not  be  less  than  1  inch  diam- 
eter; 1^  inch  would  perhaps  be  better;  and  the  holes  in  the  foot 
should  be  drilled  at  least  |  inch  large. 

Dimensions.  It  will  be  noticed  that  this  plate  has  dimension 
lines,  but  no  figures.  This  is  because  the  cylinder  is  rather  diffi- 
cult to  figure,  and  it  is  desired  to  guide  the  student  in  arrangement 
of  the  figures  without  lessening  the  benefit  of  his  study  of  them. 
Special  attention  should  be  paid  to  this  feature  of  the  plate. 
Notice  that  although  space  for  dimensions  is  restricted,  a  clear 
opening  is  always  found  for  the  figures;  and  when  one  view  seems 
to  offer  no  space  for  a  figure,  another  view  gives  the  desired 
opportunity. 

No  finish  marks  or  titles  are  shown  on  this  plate,  these  being 
left  entirely  to  the  student  for  insertion. 

Molding.  The  centers  of  the  curves  for  the  sides  being  on 
the  main  horizontal  axis  of  the  nozzles,  the  cylinder,  if  molded  to 
be  cast  vertically  as  shown,  will  draw  readily  both  ways  from  this 
line.  The  exceptions  to  this  easy  draw  are  the  foot,  suction  noz- 
zle and  flange,  and  hand-hole  boss.  On  account  of  the  inside  of 
the  cylinder  being  cored,  these  pieces  if  made  loose  on  the  pattern 
have  ample  space  to  be  "pulled  in"  after  the  main  pattern  is 
withdrawn. 

The  suction  passage  below  the  deck  communicates  with  the 
main  core  through  the  valve  holes,  hence  it  may  be  supported 
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from  the  main  core.  This  involves  some  difficulty,  however.  If 
a  three-part  flask  be  used,  and  another  parting  established  at  the 
center  of  the  suction  flange,  in  addition  to  the  previous  one,  the 
problem  becomes  much  simplified. 

It  is  desirable  to  make  the  four  chambers  of  the  cylinder  alike 
in  general  proportions.  It  is  then  possible  to  make  a  single  core- 
box,  and  by  the  use  of  loose  pieces  change  the  length  of  the  noz- 
zle cores  and  transpose  from  right  to  left,  thus  saving  labor  on 
the  pattern.  This,  however,  multiplies  the  loose  pieces  on  the 
pattern.  The  many  pieces  are  likely  to  become  lost  and  make 
frequent  repair  necessary.  Hence  it  is  not  always  wise  to  use  a 
single  core  box  too  much,  and  good  judgment  is  required  to  fix 
the  limit. 

Machining.  Special  double  horizontal  boring  machines  are 
now  in  common  use  for  such  cases  as  this  water  cylinder.  The 
centers  are  made  adjustiible,  so  that  within  limits  any  distance 
between  piston-rod  centers  can  be  met  The  advantages  of  double 
boring  are,  of  course,  most  obvious  for  a  considerable  number  of 
duplicate  cylinders. 

It  will  be  noticed  that  the  face  of  the  suction  flange  is  carried 

out  flush  with  the  cylinder  head  face.     This  affords  opportunity 

for  finishing  all  the  end  surfaces  at  a  single  setting  of  the  tool, 

whether  the  work  be  done  on  the  rotary  or  reciprocating  planer. 

This  same  point  might  have  been  observed  on  the  small  hand-hole 

boss  at  the  other  end  of  the  cylinder,  but  the  advantage  gained 

did  not  seem  to  warrant  extending  the  *^  reach  "  through  the  hand 

hole. 

Plate  I.    Water  Cylinder,  Cap  and  Air  Chamber.     For  a 

water  cylinder  cap  of  this  size,  the  most  difficult  problem  is  to  find 
room  for  the  hand-hole  bosses.  A  hand  hole  4  inchas  X  6  inches 
is  about  as  small  as  can  be  used,  and  this  calls  for  a  flange  at  least 
7  inches  X  9  inches.  These  are  the  proportions  shown  on  the 
plate,  and  since  the  boss  overhangs  the  bolts  in  the  main-cap 
^ange,  it  must  be  cut  away  underneath  to  clear  the  nuts.  If  three 
stud  bolts  are  used  on  each  side,  this  overhang  also  requires  that 
the  nut  be  ^^  fed  on  " ;  that  is,  screwed  on  little  by  little  as  the  end 
of  the  stud  protrudes  above  the  flange  when  the  cap  is  being  low- 
ered into  place.     This  is  an  awkward  process,  but  is  sometimes 
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The  discharge  ell  should  have  an  easy  bend;  usually  the  radius 
is  somewhat  more  than  the  outside  diameter  of  the  pipe,  in  this 
case  50  per  cent  greater.  It  is  customary  on  this  piece  to  provide 
an  opening  for  the  attachment  of  a  relief  valve  as  shown,  1|- 
inch  pipe  tap.  This  valve  can  be  set  to  open  at  a  desired  pres- 
sure, so  that  the  water  end  may  be  relieved  in  case  of  accidental 
excessive  pressure. 

The  air  chamber  provides  an  air  cushion  for  the  water  to 
make  the  delivery  more  constant,  and  take  the  shock  which  would 
otherwise  come  with  hammer-like  force  and  full  intensity  upon 
the  cylinder.  Being  placed  at  the  highest  point  of  the  water  end, 
air  will  naturally  tend  to  collect  in  the  air  chamber  and  keep  it 
charged.  In  some  cases,  however,  a  special  charging  device  is 
necessary. 

Molding  and  Machining.  The  hand  holes  being  at  an  angle 
will  not  "  draw."  Hence  cores  must  be  set  for  these  openings  at 
least,  and  it  may  be  desirable  to  core  out  the  whole  inside  of  the 
cap  for  the  sake  of  keeping  the  pattern  in  good  shape  by  making 
it  solid.     Otherwise  it  is  easy  to  let  it  leave  its  own  core. 

The  overhang  of  the  hand-hole  bosses  requires  loose  pieces 

for  the  overhanging  part.     They  are  "pulled  "  in  after  the  pattern 

is  drawn. 

The  molding  and  machining  which  are  further  required  on 

details  of  Plate  I  are  simple,  and  require  no  special  discussion. 

Plate  H.  Plunjrer  and  Valve  Details.  This  plate  is  notice- 
able for  illustrating  a  method  of  drawing  details  not  used  else- 
where in  this  set  of  plates.  On  the  other  plates  each  piece  is 
separately  detailed.  On  Plate  H  the  details  of  the  valve,  cover, 
seat,  stem  and  spring  are  shown  assembled,  and  dimensioned  with- 
out separation.  This  is  an  allowable  method  when  clearness  is 
not  sacrificed,  but  it  is  usually  found  desirable  only  with  simple 
construction.  1 1  concentrates  parts  on  the  drawing,  and  probably 
saves  some  time,  besides  showing  the  workman  just  how  the  parts 
go  together.  The  only  test  which  the  student  need  to  apply  in 
this,  as  in  any  method  of  detailing,  is  the  test  for  absolute  clear- 
ness. 

It  is  believed  in  the  case  of  the  valve  as  shown  that  the 

details  are  completely  illustrated  without  sacrificing  clearness. 
Special  care  in  putting  in  dimensions  is  of  necessity  required. 
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The  valve  stem  can  be  unscrewed  either  with  a  socket 
wrench  on  the  inside  or  an  ordinary  fork  wrench  on  the  outside. 

The  seat,  after  being  screwed  to  position  in  the  deck,  is 
often  faced  off,  to  true  up  any  distortion  caused  by  screwing  in. 

The  valve  itself,  of  rubber,  can  be  bought  of  any  desired  grade 
of  hardness.  The  specification  for  any  given  set  of  valves  de- 
pend upon  the  quality  of  the  water,  the  pressure  and  the  general 
service  of  the  pump. 

Molding  and  Machinhig.  By  reason  of  the  simple  nature  of 
the  parts  on  this  plate,  the  molding  and  machining  is  left  entirely 
to  the  original  consideration  of  the  student. 

Plate  M.  Foundation.  Pumps  are  often  set  directly  upon 
a  foundation  of  brick,  but  it  makes  a  better  job  to  bed  stones,  with 
surfaces  dressed  plane  and  true,  into  the  main  foundation,  and 
rest  the  pump  feet  upon  these  stones.  The  simplest  form  of 
holding  down  bolts  are  shown  on  Plate  M,  a  plain  hook  at  the 
lower  end,  pulling  up  against  a  flat  cast-iron  plate,  to  distribute 
the  pressure  into  the  brickwork.  These  plates  are  of  course 
bedded,  and  the  bolts  set  as  the  foundation  is  built  up.  As 
the  subsequent  courses  are  laid  some  little  space  is  left  around 
the  bolts,  which  may  be  afterwards  filled  with  cement,  thus 
making  the  bolts  rigid  with  the  foundation. 

The  Avater  end  of  the  foundation  has  no  batter,  because  the 
suction  pipe  often  drops  vertically  down  from  the  end  of  the 
pump,  and  cleai*ance  is  therefore  necessary. 

The  floor  line  is  placed  4  inches  above  the  brickwork,  to 
allow  for  the  usual  1-inch  top  floor  and  2-inch  plank  beneath,  and 
still  have  a  space  left  for  shims  to  level  the  floor. 

Plate  N.  General  Drawing.  This  is  an  example  of  a  plain, 
everyday  shop  drawing,  to  show  the  relation  of  parts  and  the 
extreme  space  occupied  by  the  pump.  A  great  deal  of  time  can 
be  needlessly  wasted  in  producing  a  drawing  of  this  character,  by 
trying  to  make  too  faithful  a  picture.  For  example :  If  all  the 
bolt  heads  were  put  in,  it  is  safe  to  say  that  several  hours'  extra 
time  would  be  required  for  this  one  item  alone.  But  the  draw- 
ing would  be  no  better  for  shop  use.  Hence  all  bolt  heads  and 
nuts  have  been  left  out,  except  when  necessary  to  show  cleai-ance. 

Shade  lines  have  been  put  on  for  no  special  reason  except 
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that  if  they  axe  desirable  on  any  drawing  they  are  especially 
desimble  on  a  general  drawing,  where  one  part  overlaps  another, 
as  they  make  it  easier  to  pick  out  and  separate  one  surface  from 
another.  Some  lines  are  shaded  in  this  drawing  which  are  not 
strictly  sharp  edges.  It  is  held,  however,  that  the  rounding  of  a 
corner  ought  not  to  destroy  its  character  as  an  edge  casting 
a  shadow,  and  such  lines  are  treated  accordingly. 

An  assembled  or  general  drawing  of  this  character  should  be 
laid  out  strictly  from  the  dimensions  shown  by  the  details.  It 
thus  serves  a  valuable  purpose  in  checking  up  figures,  and  show- 
ing whether  or  not  the  parts  will  go  together.  The  method  or 
character  of  the  work  in  no  i-espect  differs  fi-om  that  suggested 
for  the  detail  drawings. 

If  a  scale  of  3  inches  =  1  foot  be  used,  the  size  of  sheet  must 
be  24  inches  X  36  inches.  The  student,  however,'will  perhaps  find 
it  easier  to  use  a  scale  of  1|-  inches  =i  1  foot,  in  which  case  the 
ordinary  size,  18  inches  X  24  inches,  will  suffice.  For  such  a 
small  scale  it  will  be  found  undesirable  to  attempt  to  put  in  any 
very  small  fillets  and  cornei-s,  although  those  that  can  be  readily 
handled  by  the  ordinary  bow  pen  ought  not  to  be  omitted.  As  a 
matter  of  fact,  the  expert  draftsman  either  leaves  the  comers 
sharp,  as  suggested,  or  puts  in  the  smallest  curves  freehand. 

Order  Sheets.  Any  set  of  drawings  is  incomplete  unless  in 
connection  with  it  a  statement  is  made  in  tabular  form  of  the 
complete  make-up  of  the  machine.  An  infinite  variety  of  ways 
exists  for  making  the  specifications.  Sometimes  the  tabulated 
data  are  placed  on  the  general  drawing.  Most  often,  however, 
printed  blanks  are  provided,  usually  of  bond  paper,  arranged  with 
special  reference  to  the  individual  shop  system  and  methods  of 
handling  work;  these  blanks  are  filled  in  by  the  draftsman, 
indexed  and  filed  as  a  part  of  the  set  of  drawings.  They  can  be 
blue  printed  for  use  in  the  shops  the  same  as  a  drawing.  From 
these  sheets  stock  is  ordered,  checked  off,  and  watched  in  its 
process  of  manufacture. 

Order  sheets  are  indispensable  in  any  well-ordered  shop. 
Hence  they  are  illustrated  on  pages  59,  60,  61  and  62  as  the  final 
step  in  the  set  of  pump  dmwings.  They  are  made  as  simple  as 
possible,  and  are  not  intended  to  fit  any  special  shop  system.     As 
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previously  stated,  the  exact  form  and  method  of  classification  can 
be  determined  only  when  the  shop  conditions  are  known. 

The  student,  having  carefully  followed  through  the  preced- 
ing pages,  must  not  think  that  he  is  master  of  pump  construction^ 
for  even  the  type  illustrated  has  been  but  touched  upon.  The 
object  of  the  detailed  discussion  is  to  get  the  student  in  close 
touch  with  the  spirit  of  construction,  to  make  his  drawings  real 
serious  work.  It  is  hoped  that  the  student  ^ill  work  just  as 
though  a  machine  were  to  be  built  from  his  drawings,  and  built  to 
sell«  at  a  profit.  Only  in  this  way  can  advanced  work  in  mechanic 
cal  drawing  be  of  benefit  to  him,  for  after  becoming  expert  in 
the  use  of  the  instruments,  no  other  advance  is  possible  except 
advanc    in  thought. 
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DATE.                         AMERICAN    SCHOOL    OF    CORRESPONDENCE 
MAY  20,  1902.                                                           AT 

Armour  Institute  of  Technology 

Chicago,  III. 

LIST  OF  CASTINGS 

FOR 

16-81-12  DUPLEX   PUMP. 

TYPE. 
INSIDE  PLUNGER. 

i 

• 

o 
1^ 

% 

Name. 

• 

o 

1 

1 

1 

Remarks. 

2 

Steam  Cylinder 

G 

C.  L 

R.  &  L. 

2 
2 

Steam  Cylinder  Head 

G 

C.  I. 

Steam  Cheat 

F 

C.  L 

2 

Steam  Chest  Cover 

F 

C  L 

2 

Slide  Valve 

F 

C.I. 

1 

Steam  Pipe 

F 
F 

C.  I. 

1 

ExhauBt  Tee 

C.  I. 

2 

Valve  Steam  Gland 

F 

C.  L 

2 

Piston 

E 

C.  1. 

8 

Piston  PipePlup,  1%' 

E 

C.  I. 

4 
2 

1 
2 

Piston  Packing  Ring 

E 

C.  I. 

Spool 

E 

C.  I. 

Steam  Cylinder  Cricket 

L 

C  I. 

Steam  Cylinder  Stuffing  Box 

L 

C.I. 

2 

4 
1 

Water  Cylinder  Stuffing  Box 

L 

C.  I. 

Piston  Rod  Gland 

L 

C  I. 

Valve  Lever  Bracket 

L 

C.  L 

2 

1 
1 
2 

Yoke 

L 

C.I. 

R.  &  L. 

Short  Rocker  Arm 

K 

C.  L 

Long  Rocker  Arm 

K 

C.  1. 

Valve  Stem  Link 

K 

C.I. 

1 

Water  Cylinder 

J 

C.  I. 

2 
5 

Water  Cylinder  Head 

J 

C.  I. 

Hand  Hole  Cover 

J 

C.  I. 

1 

Water  Cylinder  Cap 

I 

C.  L 

1 

Air  Chamber 

I 

C.I. 

I 
2 
2 
2 
H2 
82 

Discharge  Ell 

I 

C.I. 

Plunger 

H 

C.  I. 

Plunger  Hu'«hii:g 

11 

Brass 

Clamp  Ring 

H 

C.  I. 

Valve  Stem 

U 

lirass 

Valve  Cover 

11 
H 

Brass 

82 

Valve  Seat 

Brass 

6 

Foundation  Pljite 

M 

C.  I. 
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DATE,                American    School 

M*y  20,  1902, 

OF    COBRESPONDENCE 

TYPE. 

Chicago,  III. 
LIST  OF   STEEL  AND   MISCELLANEOUS  PAR 

TS 

16-84-12  DUPLEX   PUMP. 

1 

Mune. 

i 

li 

1 

„»... 

2 

TalveSteAtn  Head 

E   : 

St. 

Drop  PuPKlnK- 

a 

PiBton  Kod                                          K 

C.K.H. 

2 

Take  Stem 

E 
K 

St 

Long  P.  R.IjOvM- 

Bt 

forging 

Short  P.  R.  Lever 

K 

St 

ForaiuK 

i 

Upper  Rocker  Shaft 

_    _ 

St 

Lower  Rockcff  Shaft                    ,     K 

St 

Booker  ^rtn  Fin                        {    K    | 

St 

Link  Pin                                         .     K    | 

St 

Long  P.  R.  Lever  Key                i     K 

St 

Drop  Forging 

ShortP.  R.  LevefKey                   K    , 

Bt 

Drop  ForRinK 

tlockcrArmEey                          |     K    j 

St 

Drop  Forging 

■.t2 

Valve  Spring 

11    1 

Bnuwlre 

Spring  Temper 

a-2 

Valv« 

H 

1 

Ruliber 

Medium 

-            - 

1             1 
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DATE.                American  School  of  Co«respondencj 

May  20,  1902.                                                           AT 

E                    TYPE. 

INSIDE  PLUNTER. 

Armour  Institute  of  Technology 
Chicago,  III. 

LIST   OF  BOLTS,   NUTS  AND  PINS 

FOR 

16-8i-12  DUPLEX   PUMP. 

1 

a 

• 

o 
"A 

12 

Name. 

• 

o 

bo 

q 

•** 

\ 

Patt.  or 
Piece  No. 

• 

RemarkH. 

Cylinder  Head                    Stud  |  x  3i 

G 

St. 

2U 

Steam  Chest                        Stud  ]  x  8} 

G     1 

St. 
St. 

4 

Valve  Stem  Glaud              Stud  1x4} 

F 

8 

PiRton  Rod  Gland               Stud  )  x  4 

L 

St. 

24 

Water  Cylinder  Head        Stud  J  x  8i 

J 

St. 

12 

Clamp  Ring                         Stud|x4i 

tl 
J 



Tobin  bz. 

24 

Water  Cylinder  Cap           Stud  1  x  8| 

St. 

18 

12 

8 

Hand  Hole  Cover               Stud  2x2} 

J 

St. 

Hand  Hole  Cover               Stud  1x2} 

I 

St. 

Exhaust  Tee                Tap  Bolt  t  x  1} 

G 

St. 

Itf 

Yoke                              Tap  Bolt  }  x  2 

G 

St. 

8 
8 
4 
4 
16 
8 

Steam  Cyl.  Stf.  Box     Tap  Bolt  }  x  1} 

G     1                  St. 

Steam  Pipe                  Tap  Bolt  \Ji\\ 

F 

,     St. 

Valve  Lever  Bracket  Tap  Bolt  i  x  1} 

F 

'     St. 

Steam  Cyl.  Cricket      Tap  Bolt  1x2} 

F 

St. 

Yoke                             Tap  Bolt  ?  x  2 

J 
J 

. . 

St. 

Water  Cyl.  Stf.  Box     Tap  Bolt }  x  1} 

St. 

8 
4 
2 
4 
1 
34 

Discharge  £11               Tap  Bolt  )  x  2 

I 

St. 

Air  Chamber                Tap  Bolt  J  x  2 

I 

St. 

Hook  Bolt  (special)          1  x  3'  — 11' 

M 
M 

St. 

Hook  Bolt  (special)          1  i  x  3'  —  1 1' 

St. 

Eye  Bolt                             Standard  V 

I 

St. 

Standard  Nut                                       I 

St. 

44 

36 
26 

Standard  Nut                                       f 

1 

1 

St. 

"  St.  " 

St. 

Standard  Nut                                       | 

1 

Standard  Nut                                     1 

1 

1 

4 

4 

Standard  Nut                                     1} 

St. 

Standard  Nut                                     2 

St. 

8 
4 
2 

Special  Valve  Stem  Nut                   1 

St. 

}  Thick 

Piston  Rod  Split  Pin                      }  x  2  , 

E 

St. 

Spool  Taper  Pin    No.  10  Morse  Taper 

E     1 

St. 

4*  long 

4 

Valve  Bracket  Dowel  Pin            }  x  2       L    j 

St. 
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DATE.                 American  School 

MAY  20,  1902. 

OF  Correspondence 

AT 

FE  OF  Technology 
\Q0,  III. 

TINGS,  WRENCHES,  E 

type, 
inside  plunger. 

• 

armour  institu' 
Chio 

LIST  OF  SPECIAL  FIT 

TC. 

FOR 

16-2i-12  DUPLEX   PUMP. 

1 

• 

o 
4 

Name. 

• 

0 

1 

Patt.or 
Piece  No. 

• 

a 

1 

Remarks. 

Drip  Cock                              {' 

G 
F 

1 
2 

Drip  Cock                             J  ' 

Drip  Cock                             J' 

L 

4 

Oil  Cup                      y 

L 

6 

Drip  Cock                              y 

J 

1 

Relief  Valve                       li' 

I 

1751bB.  prcbsurtj 

1 

1 
1 

Standard  Fork  Wrench       •" 

Standard  Fork  Trench       J' 

Standard  Fork  Wrench       l*' 

1 

Standard  Fork  Wrench      1' 

1 

Socket  Wrench                    ]' 

12''  handle 

1 

Valve  Stem  Fork  Wrench 

1 

Valve  Stem  Socket  Wranch 

id6 
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PLATES. 

The  plates  of  Part  VI  (A  to  N,  inclusive,)  are  so  arranged 
and  described  that  the  complete  set  may  be  made  by  the  student. 
In  case  of  insufficient  time,  the  following  short  examination  is 
prescribed.  The  student  in  any  case  should  read  carefully  all  the 
text,  and  follow  the  discussion  of  all  the  plates,  whether  or  not 
actually  produced  by  him. 

PLATE  XXV. 

Reproduce  Plate  E  (page  32),  putting  on  shade  lines. 
Size  of  plate  to  be  18  inches  X  24  inches,  trimmed,  with  border 
^  inch  from  edge;  size  within  borderline,  17  inches  X  23  incheb. 

PLATE  XXVI. 

Make  steam  end  layout,  Plate  A  (page  10).  This  is  to  be 
done  accurately  in  pencil.     Size  same  as  Plate  XXV. 

PLATE  XXVII. 

Make  drawing  of  steam  cylinder,  Plate  G  (page  18),  com- 
plete,  with  finish  marks  and  dimensions.  Do  not  put  on  shade 
lines. 

PLATE  XXVIII. 

Draw  valve  motion  layout,  Plate  C  (page  86).  This  plate 
also  is  to  be  done  accurately  in  pencil. 

PLATE  XXIX. 

Make  rough  freehand  sketches  in  pencil  of  parts  on  Plate  L 
(page  42),  putting  on  finish  marks  and  dimensions.  Use  a 
medium  pencil,  and  make  sheet  of  regular  size  (18  inches  X  24 
inches).  Arrangement  to  be  similar  to  Plate  L.  Do  not  try  to 
make  the  sketches  to  scale,  but  make  them  sufficiently  complete 
so  that  detail  drawings  can  be  made  from  them. 

PLATE  XXX. 

Make  a  tracing  on  tracing  cloth  of  Plate  E  (page  32). 

PLATE  XXXI. 

Make  general  drawing  Plate  N.  Use  scale  of  1^^  =  1',  or 
3-^  =  1'. 

PLATE  XXXII  (Optional). 

Make  drawing  of  water  cylinder,  Plate  J  (page  48). 
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An  important  part  of  the  technical  education  of  those  con- 
nected with  tinsmiths*  work  is  a  knowledge  of  laying  out  patterns. 
When  making  the  various  forms  of  tinware,  or,  as  they  are  com- 
monly called,  housefurnishing  goods,  the  greatest  care  must  be 
taken  in  developing  the  patterns,  for  if  a  mistake  of  but  one  point 
is  made,  the  pattern  will  be  useless.  There  are  general  geometri- 
cal principles  which  are  applied  to  this  work  which,  when  thor- 
oughly understood,  make  that  part  plain  and  simple,  which  would 
otherwise  appear  intricate.  These  principles  enable  the  student 
to  lay  out  different  patterns  for  various  pieces  of  tinware  where 
the  methods  of  construction  are  similar. 


Fig.  1. 


Fig.  2. 


Construction.  Before  laying  out  the  pattern  for  any  piece  of 
tinware,  the  method  of  construction  should  be  known.  Knowing 
this,  the  first  thought  should  be:  Can  the  pattern  be  developed  and 
cut  from  one  piece  of  metal  to  advantage,  as  shown  in  Fig.  1,  or 
will  it  cut  to  waste,  as  shown  in  Fig.  2  ?  Will  the  articles  have 
soldered,  grooved  or  riveted  seams,  as  shown  respectively  by  A,  B 
and  C,  in  Fig.  3  ?  Also,  will  the  edges  be  wired  or  have  hem  edges 
at  the  top,  as  shown  respectively  by  A  and  B,  in  Fig.  4  ?  Some- 
times the  pattern  can  be  laid  out  in  such  a  way  that  the  article 
may  be  made  up  of  two  or  more  pieces,  so  that  the  patterns  may  . 
be  laid  in  one  another,  as  shown  in  Fig.  5,  thereby  saving  material. 
This  is  a  plan  that  should  always  be  followed  if  possible. 

When  the  patterns  are  developed,  tin  plate  should  be  obtained 
of  such  size  as  to  have  as  little  waste  as  possible. 

By  means  of  the  table  on  pages  45-47  tin  plate  maybe  ordered 
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which  will  cut  to  advantage,  for  there  is  nothing  worse  in  a  tin- 
shop  than  to  see  a  lot  of  waste  plate  nnder  the  benches,  whereas  a 
little  foresight  in  ordering  stock  would  have  saved  material. 

Capacity  of  Vessels.  Sometimes  the  tinsmith  is  required  to 
make  a  piece  of  tinware  which  will  hold  a  given  quantity  of  liquid. 
The  methods  of  finding  the  dimensions  are  given  in  Arithmetic 
and  Mensuration,  which  subjects  should  be  reviewed  before  begin- 
ning this  work. 

Shop  Tools.  The  most  important  hand  tools  required  by  the 
tinsmith  are:  hammer,  shears,  mallet,  scratch  awl,  dividers  and 
soldering  coppers.  The  other  tinsmith  tools  and  machines  will  be 
explained  as  we  proceed. 


B 

n 


Fig.  a 


Pig.  4. 


Fig.  5. 


Various  Methods  of  Obtaining:  Patterns.    The  pattern  draft- 
ing for  this  course  is  divided  into  two  classes: 

1.  Patterns  which  are  developed  by  means  of  parallel  lines. 

2.  Patterns  which  are  developed  by  means  of  radial  lines. 

The  principles  which  follow  are  fundamental  in  the  art  of 
pattern  cutting^  and  their  application  is  universal  in  tinsmiths'  work. 

INTERSECTIONS  AND  DEVELOPMENTS. 

The  laying  out  of  patterns  in  tinsmiths'  work  belongs  to  that 
department  of  descriptive  geometry,  known  as  development  of  sur- 
faces, which  means  the  laying  out  flat  of  the  surfaces  of  the  solids, 
the  flat  surfaces  in  this  case  being  the  tinplate.  In  Fig.  6  is  shown 
one  of  the  most  simple  forms  to  be  developed  by  parallel  lines, 
that  of  an  octagonal  prism.  This  problem  explains  certain  fixed 
rules  to  be  observed  in  the  development  of  all  parallel  forms,* 
which  are  as  follows: 

1.     There  must  be  a  plauy  elevation  or  other  view  of  the 
article  to  be  made,  showing  the  line  of  joint  or  intersection,  and 
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5 


in  line  with  which  must  be  drawn  a  section  or  profile  of  the  article. 
Thus,  ABCD  shows  the  view  of  the  article,  AL  the  line  of  joint 
or  intersection,  and  E  the  profile  or  section  of  the  article. 

2.  The  Profile  or  section  (if  curved)  must  be  divided  into 
equal  spaces  (the  more  spaces  employed  the  more  accurate  will  be 
the  pattern),  from  which  lines  are  drawn  parallel  to  the  lines  of 
the  article  intersecting  the  Jine  of  joint  or  intersection.  Thus 
from  the  corners  numbered  1  to  8  in  the  profile  E,  lines  are  drawn 


Fig.  6. 

parallel  to  the  line  of  the  article,  intersecting  the  line  of  joint  AL 
from  1"  to  8".  In  Fig.  7,  where  the  section  A  is  curved,  this  is 
divided  into  equal  spaces. 

3.  A  stretchout  line  (showing  the  amount  of  material  the 
article  will  require)  is  next  drawn  at  right  angles  to  the  line  of  the 
article,  upon  which  is  placed  each  space  contained  in  the  section 
or  profile.  Thus  JF,  in  Fig.  6,  is  the  stretchout  line,  which  con- 
tains the  true  amount  required  to  enclose  the  profile  E. 

4.  At  right  angles  to  the  stretchout  line,  and  from  the  inter- 
sections thereon,  draw  lines  called  the  measurin-g  lin^n.  Thus, 
from  the  intersections  1'  to  8'  on  JF  lines  are  drawn  at  right  angles 
to  the  stretchout  line  JF,  which  are  called  measuring  lines. 

5.  From  the  intersections  on  the  line  of  joint  draw  lines  in- 
tersecting similarly  numbered  measuring  lines,  which  will  result 
in  the  pattern  shape.     Thus  lines  drawn  from  the  intereections  on 
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the  line  AL  at  right  angles  to  BC  intersect  similarly  numbered 
measuring  lines  as  shown.  Then  JIIIF  will  be  the  development 
for  an  octagonal,  prism  intersected  by  the  line  AL  in  elevation. 

This  simple  problem  shows  the  fundamental  principles  in  all 
parallel-line  developments.  What  we  have  just  done  is  similar  to 
taking  the  prism  and  rolling  it  out  on  a  flat  surface.  Let  the 
student  imagine  the  prism  before  him  with  the  corners  blackened 


Fig.  7. 

and  starting  with  corner  1  turn  the  prism  on  a  sheet  of  white 
paper  until  the  point  1  is  again  reached,  when  the  result  will  cor- 
resj)oud  to  the  development  shown.  Bearing  these  simple  rules 
in  mind,  the  student  should  have  no  diflSculty  in  laying  out  or 
developing  the  forms  which  will  follow. 

Fig.  7  shows  the  development  of  a  cylinder,  and  also  shows 
the  principles  which  are  applied  in  spacing  circular  sections  or  pro- 
files, as  explained  for  parallel  developments.  A  shows  the  profile 
or  section,  B  the  elevation,  and  CD  the  stretchout  line  or  the 
amount  of  material  required  to  go  around  the  circle.  By  drawing 
the  measuring  lines  CF  and  DE  and  connecting  them  by  the  line 
FE,  we  obtain  CDEF,  which  is  the  development  of  the  cylinder. 

Fig.  8  shows  how  to  obtain  the  development  of  the  surfaces 
of  an  intersected  hexagonal  prism,  the  angle  of  intersection  being 
45''.  First  draw  the  elevation  ABCD  and  the  section  E  in  its 
proper  position  below.  Number  the  corners  in  the  section  1,  2  and 
3,  as  shown,  from  which  erect  perpendicular  lines  intersecting  the 
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plane  AB,  as  shown  by  1°,  2°  and  3^  Bisect  the  lines  1 — 1  and 
3 — 3  in  plan  obtaining  the  points  F  and  H  respectively,  and  draw 
the  line  FH.  This  line  will  be  used  to  obtain  dimensions  with 
which  to  construct  the  developed  surface  on  the  plane  AB.  At 
right  angles  to  AB  and  from  the  intersections  1°,  2^  and  3"^  dmw 
lines  as  shown.  Parallel  to  AB  draw  the  line  F^  H^.  Now, 
measuring  in  each  instance  from  the  line  FH  in  £,  take  the  dis- 
tances to  1,  2  and  3,  and  place  them  on  similarly  numbered  lines 
drawn  from  the  plane  AB,  measuring  in  each  instance  from  the 


Fig.  8. 

line  P'  H^  on  either  side,  thus  obtaining  the  points  1',  2'  and  3'. 
Connect  these  points  by  lines  as  shown;  then  J  will  be  the  true 
development  or  section  on  AB. 

For  the  development  of  the  prism,  draw  the  stretchout  line 
KI  at  right  angles  to  AD,  upon  which  place  the  stretchout  of  the 
section  E,  as  shown  by  similar  numbered  intersections  on  KI. 
From  these  intersections,  at  right  angles  to  KI,  draw  the  measur- 
ing lines  shown,  which  intersect  with  lines  drawn  from  similar 
numbered  intersections  on  the  plane  AB,  at  right  angles  to  BC. 
Through  the  intersections  thus  obtained,  draw  the  lines  from  L  to 
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M.     Then  KLMI  will  be  the  pattern  or  development  of  the  inter- 
sected prism. 

Fig.  9  shows  the  development  of  an  intersected  cylinder.  A 
is  the  ebvation  and  B  the  profile  or  plan.  As  each  half  of  the 
development  will  be  symmetrical,  divide  the  profile  B  into  a  num- 
ber of  equal  parts,  numbering  each  half  from  1  to  5,  as  shown. 
From  these  points  perpendicular  lines  are  erected,  intersecting  the 
plane  I''  —  5^  at  1^ ,  2^ ,  3^ ,  4^  and  5^ .  A  stretchout  is  now  made 
of  the  profile  B  and  placed  on  the  horizontal  stretchout  line  CD, 
the  points  being  shown,  by  5',  4',  3',  2',  1',  2",  3",  4"  and  5".    From 


Fig.  9. 

these  points  measuring  lines  are  erected  and  intersected  by  similar 
numbered  lines  drawn  from  the  plane  1^  —  5^  at  right  angles  to  tlie 
line  of  the  cylinder.  A  line  traced  through  points  thus  obtained 
will  be  the  development  of  the  intersected  cylinder.  In  this  case 
the  butting  edge  or  joint  line  of  the  cylinder  is  on  its  shortest  side. 
If  the  butting  edge  were  desired  on  its  longest  side,  it  would  be 
necessary  to  change  only  the  figures  on  the  stretchout  line  CD, 
making  1'  start  at  5'  and  end  at  6". 

Where  two  prisms  intersect  each  other,  as  shown  in  Fig.  10, 
it  is  necessary  to  find  the  points  of  intersection  before  the  surfaces 
can   be  developed.     Thus  we  have  two   unequal   quadrangular 
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prisms  intersecting  diagonally  at  right  angles  to  each  other.  We 
first  draw  the  section  of  the  horizontal  prisms  as  shown  by  B  in 
the  end  view,  from  which  the  side  view  A  is  projected  as  shown. 
From  the  corner  T  in  the  section  B  erect  the  perpendicular  line 
rC,  and  above  in  its  proper  position  draw  the  section  D  of  the 
vertical  prism,  and  number  the  corners  1,  2,  3  and  4.  From  the 
corners  1  and  3  drop  vertical  lines  intersecting  the  profile  B  at  1' 
and  3',  T  representing  the  points  2'  and  4'  obtained  from  2  and  4 
in  D.  From  the  points  1'  and  3'  in  B,  draw  a  horizontal  line 
through  the  side  view,  and  locate  the  center  of  the  vertical  prism 
as  3",  from  which  erect  the  perpendicular  line  3"  —  1.  Now  take 
a  duplicate  of  the  section  D  and  place  it  as  shown  by  F,  allowing 
it  to  make  a  quarter  turn  (90°);  in  other  words,  if  we  view  the 
vertical  prism  from  the  end  view,  the  point  1  in  section  D  faces 
the  left,  while  if  we  stood  on  the  right  side  of  the  end  view  the 
point  1  would  point  ahead  in  the  direction  of  the  arrow.  The  side 
view  therefore  represents  a  view  standing  to  the  right  of  the  end 
view,  and  therefore  the  section  F  makes  a  quarter  turn,  bringing 
the  corner  1  toward  the  top.  From  points  2  and  4  in  section  F 
drop  vertical  lines  intersecting  the  line  drawn  from  the  corner 
2'  —  4'  in  B,  thus  obtaining  the  intersections  2"  —  4"  in  the  side 

view.  Draw  a  line  from  4"  to  3"  to  2",  which  represents  the 
intersection  between  the  two  prisms. 

To  develop  the  vertical  prism,  draw  the  horizontal  stretchout 
line  HI,  and  upon  it  place  the  stretchout  of  the  profile  D  as  shown 
by  similar  figures  on  HI.  Draw  the  measuring  lines  from  the 
points  1,  2,  3,  4,  1,  at  right  angles  to  HI,  which  intersects  with 
lines  drawn  at  right  angles  to  the  line  of  the  vertical  prism  from 
intersections  having  similar  numbers  on  B.  A  line  traced  through 
the  points  thus  obtained,  as  shown  by  HIU  will  be  the  develop- 
ment of  the  vertical  prism.  The  development  of  the  horizontal 
prism  with  the  opening  cut  into  it  to  admit  the  joining  of  the 
vertical  prism  is  shown  in  Fig.  11,  and  is  drawn  as  follows:  Draw 
any  vertical  line  O^  P^,  and  on  this  line  place  the  stretchout  of 
the  upper  half  of  section  B  in  Fig.  10,  as  shown  by  similar  letters 
and  figures  in  Fig.  11.  From  these  points  at  right  angles  to 
O^  P'  draw  lines  equal  in  length  to  the  side  view  in  Fig.  10.  Draw 
a  line  from  U  to  T  in  Fig.  11.  Now,  measuring  from  the  line  RS 
in  side  view  in  Fig.  10,  take  the  various  distances  to  points  of  in- 
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tersections  4",  3",  1"  and  2",  and  place  them  in  Fig.  11  on  lines 
having  similar  numbers,  measuring  from  the  line  O^  P^,  thus  re- 
sulting in  the  intersections  l"",  2^  3^  and  4*^.  Connecting  these 
points  by  lines  as  shown,  then  O^UTP^  will  be  the  half  develop- 
ment of  the  top  of  the  horizontal  prism.  The  bottom  half  will  he 
similar  without  the  opening. 

Having  described  the  principles  relating  to  parallel  forms, 
the  next  subject  will  be  the  principles  relating  to  tapering  forms. 
These  forms  include  only  the  solid  figures  that  have  for  a  base  the 
circle,  or  any  of  the  regular  polygons,  also  figures  of  unequal  sides 
which  can  be  inscribed  in  a  circle,  the  lines  drawn  from  the  cor- 
ners of  which  terminate  in  an  apex,  directly  over  the  center  of  the 
base.  The  forms  with  which  the  tinsmith  has  to  deal  are  more 
frequently  frustums  of  these  figures,  and  the  method  used  in 
developing  these  surfaces  is  simply  to  develop  the  surface  of  the 
entire  cone  or  pyramid,  and  then  by  simple  measurements  cut  off 
part  of  the  figure,  leaving  the  desired  frustum.  Thus  in  the  well- 
known  forms  of  the  dipper,  coffee  pot,  colander,  strainer,  wash 
bowl,  bucket,  funnel,  measure,  pan,  etc.,  we  have  the  frustums  of 
cones  above  referred  to.  In  speaking  here  of  metal  plate  articles 
as  portions  of  cones,  it  must  be  remembered  that  all  patterns  are 
of  surfaces,  and  as  we  are  dealing  with  tinplate,  these  patterns 
when  formed  are  not  solids,  but  merely  shells.  In  works  upon 
Solid  Geometry  the  right  cone  is  defined  as  a  solid  with  a  circular 
base,  generated  by  the  revolution  of  a  right-angle  triangle  about 
its  vertical  side  called  the  axis. 

This  is  more  clearly  shown  in  Fig.  12,  in  which  is  shown  a 
right  cone,  which  contains  the  principles  applicable  to  all  frustums 
of  pyramids  and  cones.  ABC '  represents  the  elevation  of  the  cone; 
the  horizontal  section  on  the  line  BC  being  shown  by  GDEF, 
which  is  spaced  into  a  number  of  equal  parts,  as  shown  by  the 
small  figures  1  to  12.  As  the  center  or  apex  of  the  cone  is  directly 
over  the  center  a  of  the  circle,  then  the  length  of  each  of  the  lines 
drawn  from  the  small  figures  1  to  12  to  the  center  a  will  be  equal 
both  in  plan  and  elevation.  Therefore  to  obtain  the  envelope  or 
development,  use  AB  or  AC  as  radius,  and  with  A  in  Fig.  13  as 
center,  describe  the  arc  1  - 1'.  From  1  draw  a  line  to  A  and  start- 
ing from  the  point  1,  set  off  on  the  arc  1-1'  the  stretchout  or  num- 
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ber  of  spaces  contained  in  the  circle  DEFG  in  Fig.  12,  as  shown 
by  similar  figures  in  Fig.  13.  From  1'  draw  a  line  to  A.  Then 
A- 1-7-1'  will  be  the  development  of  the  right  cone  of  Fig.  12. 

Suppose  that  a  frustum  of  the  cone  is  desired  as  shown  by 
HICB,  Fig.  12;  then  the  opening  at  the  top  will  be  equal  to  the 
small  circle  in  plan,  and  the  radius  for  the  pattern  will  be  equal  to 
AI.  Kow  using  A  in  Fig.  13  as  a  center  with  AI  as  radius,  describe 
the  arc  HI,  intersecting  the  lines  lA  and  AI'  at  H  and  I  respective- 
ly. Then  H-I-l'-7-l  will  be  the  development  for  the  frustum 
of  the  cone. 

When  a  right  cone  is  cut  by  a  plane  passed  other  than  parallel 
to  its  base,  the  method  of  development  is  somewhat  diflferent.   This 


Fig.  13. 

is  explained  in  connection  with  Fig.  14,  in  which  A  is  the  right 
cone,  intersected  by  the  plane  represented  by  the  line  DE.  B  repre- 
sents the  plan  of  the  base  of  the  cone,  whose  circumference  is  divided 
into  equal  spaces.  As  the  intersection  of  both  halves  of  the  cone 
are  symmetrical,  it  will  be  necessary  to  divide  only  half  of  plan  B 
as  shown  by  the  small  figures  1  to  7.  From  these  points,  erect 
lines  parallel  to  the  axis  of  the  cone,  intersecting  the  base  line 
of  the  cone.  From  these  points  draw  lines  to  apex  F,  intersecting 
the  line  DE  as  shown.  From  the  intersections  thus  obtained  on  the 
line  DE  and  at  right  angles  to  the  axis,  draw  lines  as  shown,  inter- 
secting the  side  of  the  cone  FE.  Now  using  F  as  center  and  FH 
as  a  radius,  describe  the  arc  7  -  7'.     From  7  draw  a  line  to  F,  and 
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etarting  from  the  point  7  set  off  on  the  arc  7  -  7',  the  stretchotit  of 
the  circle  B  as  shown  by  the  small  figures  7-1-7'.  From  these 
points  draw  radial  lines  to  the  center  point  F,  and  intersect  them 
by  arcs  stmck  from  the  center  F,  with  radii  eqaal  to  similarly  num- 
bered intersections  on  the  side  FH,  and  partly  shown  by  points 
7'-l'-7°.  Trace  a  line  through  the  points  of  intersections  thus 
obtained;  then  7°-7'-7-7'  will  be  the  desired  development. 

These  same  principles  are  applicable  no  matter  at  what  angle 
the  cone  is  intersected.      For  the 
section    on    the   line  DE,  see  the 
explanation   in   Mechanical  Draw- 
ing Part  III. 

Fig.  15  shows  the  principles 
applicable  to  the  developments  of 
pyramids  having  a  base  of  any 
shape.  In  this  case,  we  have  a 
square  pyramid,  intersected  by  the 
line  DE.  First  draw  the  elevation 
of  the  pyramid  as  shown  by  ABC 
and  in  its  proper  position  the  plan 
view  as  shown  by  1,  2,  3,  4.  Draw 
the  two  diagonal  lines  1-3  and 
2-4  intersecting  each  other  at  A'. 
The  length  of  the  line  AC  repre- 
sents the  tme  length  on  A'e,  bat 
is  not  the  correct  radius  with 
which  to  strike  the  development. 

A  tme  length  must  be  ob- 
tained on  the  line  A'4  as  follows: 
At  right  angles  to  3  -  4  from  the 
center  A'  draw  the  line  A'E' and 
using  A'  as  center  and  A'4  as 
radius,  describe  the  arc  4E'  intersecting  A'E'  at  E'.  From  E' 
erect  the  perpendicular  line  E'l'  intersecting  the  base  line  EC  ex- 
tended  at  1'.  From  1'  draw  a  straight  line  to  A,  which  will  be 
the  true  length  on  A'4  and  the  radius  with  which  to  strike  the  de- 
velopment. (See  also  Part  III,  Mechanical  Drawing)  Now  with  A 
as  center  and  A-1'  as  radius,  describe  the  arc  I'-S*-!'.     Startin. 


Fig.  14. 
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from  1^  set  oflf  the  stretchout  of  1-2-3-4-1  in  plan,  as  shown 
by  1^-2^-3^-4^-1^  on  the  are  1^  - 1^  (1^  -  2^  being  equal  to  1  -  2, 
etc.),  and  from  these  points  draw  lines  to  the  apex  A  and  con- 
nect points  by  straight  lines  as  shown  from  1^  to  2^,  2^  to  3%  3^ 
to  4^  and  4^  to  1^.  Then  Al^  3^  1^  will  be  the  development  of  the 
square  pyramid. 

To  obtain  the  cut,  in  the  development  of  the  intersected  plant' 


DE,  which  represents  respectively  the  points  3* -4*  and  1^-2', 
draw  at  right  angles  to  the  center  line,  the  lines  D-D"  and  E-l", 
intersecting  the  true  length  Al^  at  D"  and  1".  Using  A  as  center 
and  radii  equal  to  A-D"  and  A-1"  intersect  similarly  numbered 
radial  lines  in  the  development.     Connect  these  points  as  shown 
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from  1"  to  2",  2"  to  3",  3"  to  4"  and  4"  to  1".   Then  1"  -1^-3^-1-- 
1"  _  3"  will  be  the  development  of  the  intersected  square  pyramid. 

To  draw  DE  in  plan  drop  perpendiculars  from  D  and  E  in- 
tersecting the  diagonal  lines  in  plan  at  J  (?  and  d  a.  Connect  lines 
as  shown  at  a,  J,  c  and  d.  To  obtain  the  true  section  of  the  plane 
DE,  take  the  length  of  DE  and  place  it,  as  shown  ia  plan 
from  h  to  i\  through  i  draw  the  vertical  line  jm  which  is  inter- 
sected by  horizontal  lines  drawn  from  points  a  and  d.  Draw  a 
line  from  i  to  m  and  c  ioj  which  will  be  the  desired  section. 

These  problems  just  described  should  be  thoroughly  studied 
and  practiced  on  paper,  until  every  step  is  well  understood. 

Practical  Workshop  Problems  will  now  be  considered,  and  the 
student  who  thoroughly  understands  the  principles  explained  in  the 
foregoing  problems,  will  be  able  to  develop  the  patterns  with  greater 
ease  and  in  less  time  than  is  required  by  the  student,  who  pays 
little  attention  to  the  principles,  but  simply  proceeds  to  develop  the 
patterns  by  blindly  following  directions.  A  thorough  knowledge 
of  the  principles  renders  the  student  independent  as  far  as  pat- 
tern problems  are  concerned,  as  he  can  apply  them    to   new  work. 

Short  Rules.  There  are  various  short  rules,  which,  while  not 
geometrically  accurate,  are  sufficiently  so  for  all  practical  purposes 
and  will  be  introduced  as  we  proceed.  In  developing  patterns  for 
any  given  article,  the  problem  should  be  gone  over  carefully,  locating 
the  joints  or  seams,  so  that  it  can  be  seen,  we  might  say  in  our 
minds'  eye;  by  doing  this  a  shorter  rule  may  be  employed,  thus 
saving  time  and  expense.  The  student  who  pays  attention  to  these 
smaller  details  will  succeed  as  a  pattern  draftsman. 

Allowance  for  Seaming  and  Wiring.  As  we  are  dealing  with 
tin  plate  only,  we  assume  this  to  have  no  thickness,  and  therefore 
make  no  allowance  for  the  shrinkage  of  the  metal,  when  l>ending 
in  the  machine  folder  or  brake. 

The  amount  of  the  material  to  be  added  to  the  pattern  for 
wiring  will  vary  according  to  the  thickness  of  the  metal.  A  safe 
and  practical  plan  is  to  use  a  small  strip  of  thin  metal  about  \  inch 
wide  and  curl  this  around  the  wire  which  is  to  be  used  as  shown 
in  Fig.  16.  This  will  give  the  true  amount  of  material  required, 
whether  the  wire  is  to  be  laid  in  by  hand  or  by  means  of  the  wiring 
machine.     First  bend  oflf  with  plyers  a  sharp  corner  as  shown  at  a^ 
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place  the  wire  in  the  corner  and  turn  A  snugly  around  the  wire  as 
shown  at  B.  The  amount  of  A,  or  the  allowance  to  be  added  to  the 
height  of  the  pattern  is  thus  obtained.  The  vertical  joint  in  tin- 
ware is  usually  a  lock  seam  as  shown  in  Fig.  17.  Three  times  the 
width  of  the  lock  a  must  be  added  to  the  pattern.  In  other  words, 
the  end  h  has  a  single  edge  as  d^  while  the  other  end  c  has  a  double 
edge  as  shown  at  a  and  e  ;  the  two  ends  of  the  body  joining  aty. 

In  allowing  these  edges  for  the  pattern,  some  workmen  prefer 
to  add  a  single  edge  on  one  side  of  the  pattern,  and  a  double  edge 
on  the  other,  while  others  prefer  to  allow  one-half  of  the  amount 
required  on  either  side  of  the  pattern.  Where  the  bottom  of  any 
piece  of  tinware  is  to  be  joined  to  the  body,  it  is  generally  double 
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seamed  as  is  shown  in  Fig.  18,  where  the  two  operations  are  clearly 
shown  by  A  and  B  whether  the  seaming  is  done  by  hand  or  ma- 
chine, while  the  lock  seam  in  Fig.  17,  is  done  on  the  groover. 

Notching  the  Patterns.  Another  important  point  is  the 
notching  of  the  edges  of  the  patterns  for  seaming  and  wiring; 
special  attention  should  be  given  to  this.  The  notches  should  be 
made  in  such  a  manner  that  when  the  article  is  rolled  up  and  the 
wire  encased  or  the  seams  grooved,  the  ends  of  the  wire  or  seam 
allowance  will  fit  snugly  together  and  make  a  neat  appearance. 
When  an  article  is  made  and  the  notches  have  not  been  cut 
properly,  the  wire,  or  uneven  lines,  will  show  at  the  ends  of  the 
seam.  Fig.  19  shows  how  the  allowance  for  wire  or  locks  should 
be  cut.  A  shows  the  pattern  to  which  an  allowance  teas  been 
made  for  wire  at  B  and  for  seaming  to  the  bottom  at  C.  In  this 
case  a  single  edge  D  has  been  allowed  at  one  end  of  the  pattern 
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and  a  double  edge  of  the  other  as  shown  at  E.  Then,  using  this 
method  of  allowance  for  seaming,  notch  the  allowance  for  wire  B 
and  seam  C  on  a  line  drawn  through  the  solid  lines  in  the  pattern 
as  shown  by  aa  and  hh.  The  notches  of  the  allowance  D  and  £ 
should  be  cut  at  a  small  angle,  as  shown. 

Transferring  Patterns.  After  the  pattern  has  been  de- 
veloped on  man  ilia  paper,  which  is  generally  used  in  the  shop,  it 
is  placed  on  the  tin  plate  and 
a  few  weights  laid  on  top  of 
the  paper;  then  with  a  sharp 
scratch  awl  or  prick  punch  and 
hammer,  slight  prick-punch 
marks  are  made,  larger  dots  in- 
dicating a  bend.  The  paper  is 
then  removed  and  lines  scribed 
on  the  plate,  using  the  scratch 
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Fig.  18. 


awl  for  marking  the  straight  lines,  and  a  lead  pencil  for  the 
curved  lines.  After  laps  are  added  as  required,  it  is  ready  to  be 
cut  out  with  the  shears. 

PRACTICAL  PROBLEMS. 

In  presenting  the  twelve  problems  which  follow,  particular 
attention  has  been  given  to  those  problems  which  arise  in  shop 

practice.  These  problems  should 
be  practiced  on  cheap  manilla 
paper,  scaling  them  to  the  most 
convenient  size,  and  then  prov- 
ing them  by  cutting  the  patterns 
from  thin  card  board,  and  bend- 
ing or  forming  up  the  models. 
This  will  prove  both  instructive 
and  interesting. 
Pail.  The  first  piece  of  tinware  for  which  the  pattern  will 
be  developed  is  that  known  as  the  flaring  bucket,  or  pail,  shown 
in  Fig.  20.  First  draw  the  center  line  AB,  Fig.  21,  upon  which 
place  the  height  of  the  pail,  as  shown  by  CD.  On  either  side  of 
the  center  line  place  the  half  diameters  C£  of  the  top  and  DF  of 
the  bottom.  'Dien  EFFE  will  be  the  elevation  of  the  pail.  Ex- 
tend the  lines  £F  until  they  meet  the  center  line  at  B,  which  will 
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be  the  center  poJDt  witli  which  to  deecribe  the  pattern.  Now. 
with  C  as  center  and  CE  as  radius,  describe  the  aumi-circle  EA£, 
and  divide  it  into  equal  spaces,  as  shown. 
This  semi-circle  will  represeut  the  half  sec- 
tion of  the  top  of  the  pail. 


Fig.  21. 

For  the  jwttern  proceed  as  follows:  "With  B  as  center  and 
radii  equal  to  BF  and  BE,  describe  the  arcs  GH  and  IJ.  Draw  a 
line  from  Cr  to  B.  Starting  from  the  point  G  lay  off  on  the  are  GH, 
the  stretchout  of  the  semi-circle  EAE,  as  shown  by  similar  figares 
on  Gil.  From  II  draw  a  line  to  B,  intersecting  the  are  IJ  at  J. 
Then  GHJI  will  be  the  half  pattern  for  the  pail,  to  which  laps  must 
be  added  for  seaming  and  wiring  as  shown  by  the  dotted  lines. 
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Funnel  and  Spout.  In  Fig.  22  is  shown  a  funnel  and  spoat, 
which  is  nothing  more  than  two  frustums  of  cones  joined  together. 

Fig.  23  shows  how  the  patterns  are  developed.  In  tliis  figure 
the  full  elevation  is  drawn,  hnt  in  practice  it  is  necessary  to  draw 
only  one-half  of  the  elevation,  as  shown  on  either  side  of  the  center 
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Fig.  23. 


line  BC.  Extend  the  contour  lines  until  they  intersect  the  center 
line  at  C  and  A.  Now,  using  A'  as  a  center,  with  radii  equal  to 
AF  and  AE,  describe  the  ares  PP  and  E'E"  respectively.  On 
the  arc  E'P  lay  off  twice  the  number  of  spaces  contained  in  the 
semi-circle  B,  then  draw  radial  lines  from  E'  and  £*  to  A',  inter- 
secting  the  inner  arc  at  F'P,  which  completes  the  outline  for  the 
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pattern.  Laps  must  be  allowed  for  wiring  and  seaming.  For  the 
pattern  for  the  spout  ttse  C  as  a  center,  and  with  radii  eqaal  to  CO 
and  OF  describe  the  area  F'P  and  G'G'.  On  F'F"  lay  off  twice 
the  amount  of  spaces  coDtaioed  in  the  semi-circle  D,  and  draw 
radial  lines  from  F'  and  P  to  C.  Then  F'F*G'G*  will  be  the  pat- 
tern for  the  apont.     The  dotted  lines  show  the  edges  allowed. 

Hand  Scoop.  In  Fig.  24  is  shown  a  perspective  view  of  a 
hand  scoop,  in  the  development  of  which  the  parallel  and  radial 
line  developments  are  employed.  Thus  A  and  B  represent  inter- 
sected cylinders,  while  C  represents  an  intersected  right  cone. 
The  method  of  obtaining  the  patterns  for  the  hand  scoop  is  clearly 
shown  in  Fig.  25;  these  principles  are  applicable  to  any  form  of 
hand  scoop. 

First  draw  the 
side  view  of  the  scoop 
as  shown,  inline  with 
which  place  the  half 
section;  divide  this  . 
into  a  number  of  [ 
equal  spaces  as  shown 
by  the  figures  1  to  7.  ^-^ 

From  these  points  draw  horizontal  lines  intersecting  the  curvd 
of  the  scoop.  In  line  with  the  back  of  the  scoop  draw  tlie  vertical 
line  1-1',  upon  which  place  the  stretchout  of  twice  the  number 
of  spaces  contained  in  the  half  section,  as  shown  by  similar 
numbers  on  the  stretchout  line.  From  these  points  on  the 
stretchout  line  draw  horizontal  lines,  which  intersect  lines  drawn 
from  similarly  numbered  points  on  the  curve  of  the  scoop  parallel 
to  the  stretchout  line.  Trace  a  line  through  points  thus  obtained, 
which  will  give  the  outline  for  the  pattern  for  the  scoop,  to  which 
edges  must  be  allowed  as  shown  by  the  dotted  line.  The  pattern 
for  the  back  of  the  scoop  is  simply  a  flat  disc  of  the  required 
diameter,  to  which  edges  for  seaming  are  allowed. 

When  drawing  the  handle,  first  locate  the  point  at  which  the 
center  line  of  the  handle  ia  to  intersect  the  back  of  the  scoop,  as 
at  2°.  Through  this  point,  at  its  proper  or  required  angle,  draw 
the  center  line  2°2'.  fiBtahlish  the  length  of  the  handle,  and 
with  BDT  *        i^mtar  line  u  center,  draw  the  sectioa 
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as  shown  by  1*,  2*  3*,  and  2*,  and  divide  the  circumference  into 
equal  spaces,  in  this  case  four.     (In  practical  work  it  would  be 

better  to  use  more  than  four).  Parallel  to  the  center  line  and  from 
these  four  divisions  draw  lines  as  shown  intersecting  the  back  of  the 
scoop  at  1°,  2°  and  3°.  For  the  pattern  draw  any  horizontal  line  in 
S,  as  l"3"l",upon  which  place  the  stretchout  of  the  section  of  the 
handle  as  shown  by  1"  2"  3"  2"  1"  on  the  stretchout  line.  From 
these  points  at  right  angles  to  the  line  of  the  stretchout,  draw 
lines  as  shown.  Take  the  various  distances  measuring  from  the 
line  no  in  side  view  to  points  1°,  2°  and  3*^,  and  place  them  on 
lines  drawn  from  similar  numbers  in  S,  measuring  from  the  line 
1"3"1".  A  line  traced  through  these  points  of  intersection  will  be 
the  pattern  for  the  handle,  laps  being  indicated  by  dotted  lines. 
To  close  the  top  of  the  handle  no^  a  small  raised  metal  button  is 
usually  employed,  which  is  double-seamed  to  the  handle. 

To  draw  the  conical  boss  in 
side  view,  first  locate  the  points  i 
and  e^  through  which  draw  a  line 
intersecting  the  center  line  of  the 
handle  at/l  At  right  angles  to 
Fig.  26.  the    center    line,   draw    the    line 

i)  representing  the  top  opening  of  the  boss.  In  similar  manner,  at 
right  angles  to  the  center  line,  draw  a  line  from  e  as  shown  by  eu^ 
intersecting  the  center  line  at  g.  Now  make  ga  equal  to  ge  and 
draw  a  line  from  a  to  the  center/*,  which  will  intersect  the  back  of 
the  scoop  as  shown  and  the  top  of  the  boss  at^/.  With  g  as  center 
and  ga  as  radius  describe  the  half  section  of  the  cone,  divide  this 
into  equal  spaces  as  shown  by  ahede^  from  which  draw  lines  at 
right  angles  to  and  intersecting  the  base  of  the  cone  ae  as  shown. 
From  the  intersections  on  the  base  line  draw  radial  lines  to  the 
apexy,  intersecting  the  back  of  the  scoop  as  shown.  From  these 
intersections  at  right  angles  to  the  center  line,  draw  lines  inter- 
secting the  side  of  the  boss  at  a'b'c'd'.  For  the  pattern  proceed  as 
shown  in  diagram  w.  With  radius  equal  to  fe  in  the  side  view 
andy*  in  w^  as  a  center  describe  the  arc  a'a".  Draw  a  line  from 
a"  to  the  center  /\  and  starting  from  a"  set  oflf  on  the  arc  a*a" 
twice  the  number  of  spaces  contained  in  the  semi  circle  ace  in  side 
view,  as  shown  by  similar  letters  in  diagram  w.     From  these  points 
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draw  radial  lines  to  the  center  f*.  Now  nsing  y*  in  i^?  as  a  center 
describe  the  arc  %i' .  In  similar  manner,  using  as  i9jiX\fa\fh\fc\ 
fd'  and  fe  in  side  view,  and  f^  in  w  as  center,  describe  arcs  inter- 
secting radial  lines  having  similar  letters  as  shown.  A  line  traced 
throngh  points  thus  obtained  forms  the  pattern  for  the  conical  boss. 


Fig.  27. 
Drip  Pan.  Fig.  26  shows  a  view  of  8  drip  pan  with  beveled 
sides.  The  special  feature  of  this  pan  is  that  the  corners  a  and  b 
are  folded  to  give  the  required  bevel  and  at  the  same  time  have  the 
folded  metal  come  directly  under  the  wired  edge  of  the  pan.  A 
pan  folded  in  this  way  gives  a  water  tight  joint  without  any  sol- 
dering. Fig.  27  shows  the  method  of  obtaining  the  j)attern  when 
the  four  sides  of  the  pan  have  the  same  bevel.  First  draw  the  side 
elevation  having  a  bevel  indicated  at  ^/21.  Now  draw  AB(yD,  a 
rectangle  representing  the  bottom  of  the  pan.  Take  the  distance 
of  the  slant  1-2  in  elevation  and  add  it  to  each  side  of  the  rect- 
angular bottom  as  shown  by  1',  1",  1'"  and  1"".  Through  these 
points  draw  lines  parallel  to  the  sides  of  the  bottom  as  shown. 
Now  extend  the  lines  of  the  bottom  AB,  BC,  CD  and  DA  inter- 
secting the  lines  just  drawn.     Take  the  projection  of  the  bevel 
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a  to  1  in  side  elevation  and  place  it  on  each  corner  of  the  pan,  as, 
for  example,  from  a*  to  1'.  Draw  a  line  from  1'  to  B.  By  pro- 
ceeding in  this  manner  for  all  the  corners,  we  will  have  the  butt 
miters,  if  the  corners  were  to  be  soldered  raw  edge.  Where  the 
bevels  are  equal  on  all  four  sides,  the  angle  I'Bl'  is  bisected  as 
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Fig.  28. 

follows:  With  B  as  center  and  any  radius  draw  the  arc  ff*  inter- 
secting the  sides  of  the  bottom  as  shown.  Then  with  a  radius 
greater  than  one  half  of  ff^  with  y*andy*  respectively  as  centers, 
draw  arcs  which  intersect  each  other  at  i.  Draw  a  line  through 
the  intersection  i  and  corner  B,  extending  it  outward  toward y. 

Now  with  1'  as  center,  and  radius  less  than  one-half  of  1- 1*, 
draw  arc  rf— c,  intersecting  the  line  1'  B  at  J,  and  intersecting  the 
line  Va*  at  <?.  Then  with  h  as  center  and  he  as  radius,  intersect  the 
arc  cd  at  e.  Draw  a  line  from  1'  to  ^,  intersecting  the  line  ij  at  n. 
From  n  draw  a  line  to  1*.  Transfer  this  cut  to  each  of  the  corners, 
which  will  complete  the  pattern  desired.  Dotted  lines  indicate  the 
wire  allowance. 

Sometimes  a  drip  pan  is  required  whpse  ends  have  a  different 
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flare  from  those  of  the  sides,  and  in  one  case  the  folded  corners  are 
to  be  bent  toward  the  end,  while  it  may  be  required  that  the  cor- 
ners be  folded  towards  the  side.  The  principles  are  similar  in  both 
cases,  but  as  the  method  of  applying  these  principles  may  be  a 
little  difficult,  Fig.  28  has  been  prepared,  which  will  explain  the 
application  of  these  principles. 

First  draw  the  side  elevation,  showing  the  desired  flare;  also 
draw  the  end  elevation,  which  shows  the  flare  of  the  sides,  being 
careful  that  the  vertical  heights  in  both  views  are  the  same.  Now 
draw  the  pattern  of  the  pan  as  follows:  Take  the  distance  1-2  in 
side  elevation  and  place  it  on  the  ends  of  the  bottom  as  shown  on 
either  side  by  1-2'.  Similarly  take  the  distance  3-4  in  end  eleva- 
tion and  place  it  on  the  sides  of  the  bottom  as  shown  on  either  side 
by  3- 4'.  Through  the  point  2'  and  4'  draw  lines  parallel  to  the 
ends  and  sides  of  the  bottom  as  shown,  which  intersect  lines  dropped 
from  the  end  and  side  views  respectively.  hfK  represent  the  butt 
miters  which  should  be  placed  on  all  corners.  If  these  miters  have 
been  correctly  developed,  the  lengths  from  1i  iof  must  be  equal  to 
fh\  Bisect  the  angle  hfh'  by  using  f  as  center  and  drawing  the 
arc  ahj  then  use  a  and  h  as  centers  and  obtain  the  intersection  c, 
through  which  draw  the  line  ef.  Now  assume  that  the  folded  cor- 
ner is  to  be  turned  towards  the  end  view  as  shown  by  ^3.  Using 
A  as  a  center  draw  the  arc  ij.  Then  with  I  as  center  and  li  as 
radius,  intersect  the  arc  ij  at  m.  Draw  a  line  from  h  through  m, 
meeting  the  line  ^at  t^  and  draw  a  line  from  t  to  h'. 

If  the  folded  corner  were  turned  towards  the  side  as  shown  by 
^^-2"  in  the  side  view,  bisect  the  angle  vl's  as  before,  and  use  «  as  a 
center  and  proceed  as  already  explained.  Note  the  difference  in 
the  two  corners.  The  only  point  to  bear  in  mind  is,  that  when  the 
comer  is  to  be  folded  towards  the  end,  transfer  the  angle  of  the 
end  miter;  while  if  the  corner  is  to  be  turned  towards  the  side, 
transfer  the  angle  of  the  side  miter.  If  the  corners  were  to  be 
folded  toward  the  ends  of  the  pan,  the  cut  shown  in  the  right-hand 
comer  would  be  used  on  all  four  corners,  while  if  the  corners  were 
to  be  folded  towards  the  sides,  the  cut  shown  on  the  left-hand  cor- 
ner would  be  used. 

Tea  P»L    In  Fig.  29  is  shown  the  ^ell-known  form  of  the 
tea  or  coffee  pot,  for  which  a  short  method  of  developing  the  pat- 
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tern  is  Bhown  in  Fig.  30.  This  is  one  of  the  many  cases  where  a 
short  rule  can  be  oaed  to  advantage  over  the  geometrical  method. 
While  it  is  often  advisable  to  nse  the  true  geometrical  rule,  the 
diifereDce  between  that  and  the  method  here  shown  is  hardly 
noticeable  in  practice.  Of  course,  if  the  body  A  and  epont  B  were 
larger  than  the  ordinary  tea  pots  in  nse,  it  would  be  necessary  to 
nse  the  true  geometrical  rale,  which  is  thoronghly  explained  for 
Plates  I,  II  and  III.       - 

The  pattern  for  the  body  of  the 
tea  pot  will  not  be  shown,  ouly  the  short 
rule  for  obtaining  the  opening  in  the 
body  to  admit  the  joining  of  the  spout. 
The  method  of  obtaining  the  pattern  for 
the  body  is  similar  to  the  flaring  vessels 
shown  in  previous  problems. 

First  draw  the  elevation  of  Uie  body 
of  the  tea  pot  as  shown  at  A.  Assume 
the  point  a  on  the  body  and  draw  the 
center  line  of  the  spout  at  its  proper 
Establish  the  point  3  of  the  bottom  of 
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angle  as  shown  by  ! 

the  spout  against  the  body,  also  the  point  3'  at  the  top  and  draw 
a  line  from  3  through  3*  intersecting  the  center  line  at  h.  At 
right  angles  to  the  center  line  and  from  3  draw  the  line  3—1 
and  makecl  equal  to  (-3.  From  1  draw  a  line  to  the  center  point 
and  from  3'  draw  a  horizontal  line  until  it  intersects  the  opposite 
side  of  the  spout  at  1".  Then  1'  - 1"  -  3»-3  will  be  the  side  view  of 
the  spout.  Now  with  c  as  a  center  draw  the  half  section  1-2-3 
and  divide  it  into  equal  spaces;  in  this  case  but  two  (in  practical 
work  more  spaces  should  be  employed).  From  these  points  and  at 
right  angles  to  1-  3  draw  lines  intersecting  the  base  of  the 
spout  as  shown,  and  draw  lines  from  these  points  to  the 
center  b.  Thus  line  1^  intersects  the  body  at  1'  and  the  top  of  the 
spout  at  1" ;  line  2i  intersects  the  body  at  a  and  the  top  of  the  spout 
as  shown,  while  line  3S  cuts  at  3  and  the  top  of  spout  at  3». 
From  these  intersections  at  right  angles  to  the  center  lineal,  draw 
lines  intersecting  the  side  of  the  spout  at  3,  2",  1°  at  the  bottom 
and  1»,  2»,  3»  at  the  top.  Now  with  J  as  center  and  A3  as  radius, 
describe  the  arc  3"  -  3"  upon  which  place  the  stretchout  of  twice 
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the  number  of  spaces  contained  in  the  half  section  1-2-3,  as 
shown  by  similar  figures  on  3" -3";  from  these  points  draw  radial 
lines  to  the  center  h^  and  intersect  them  by  arcs  drawn  with  ^  as  a 
center  and  radii  equal  to  the  intersections  contained  on  the  side  of 


the  spout  3  -  3*.     To  form  the  pattern,  trace  a  line  through  points 
thus  obtained  and  make  the  necessary  allowance  for  edges. 

It  should  be  understood  that  in  thus  developing  the  spout,  the 
fact  that  the  spout  intersects  a  round  surface  has  not  been  considered ; 
it  was  assumed  to  intersect  a  plane  surface.  As  already  stated  the 
difference  in  the  pattern  is  so  slight  that  it  will  not  be  noticeable 
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in  practice.  Had  we  developed  the  pattern  according  to  the  true 
geometrical  rule,  it  would  present  a  problem  of  two  cones  of 
unequal  diameter  intersecting  each  other,  at  other  than  at  right 
angles  to  the  axes. 

For  the  pattern  for  the  opening  in  the  body,  draw  lines  at 
right  angles  to  the  center  line  of  the  body  from  intersections  1',  a 
and  3  intersecting  the  opposite  side  of  the  body  as  shown.  With 
F  as  a  center  draw  a  partial  pattern  of  the  body  as  shown  by  de. 
From  any  point/ draw  a  line  to  the  center  F.  Now  with  F  as 
center  draw  the  arcs  1,  2*^  and  3.  The  distance  1  to  3  on  the  line 
F^  represents  the  length  of  the  opening,  while  a  line  drawn  through 

a  at  right  angles  to  the  center  line  he 

1^-f-.z^rTTX  ^^  ^^  spout  represents  the  width  of 

'  i\        Zl '  '^  J  "V.  >;     ^^  opening.     Therefore  take  the  dis- 

I  \T     >\?p  n  ^^y~         tance  from  a  to  2°  and  place  it  as 

rk^p—'s^fcJ-^  shown   from   a'  on   the   line  /F   to 

^3u2[J|  2° -2°    on    either   side   on    the  arc. 

>4i  Trace  an  ellipse  through  1  -  2°  -  3  -  2° 

Pig.  31.  for  t^®  shape  of  the  opening. 

The  pattern  for  the  handle  is  ob> 
tained  by  taking  the  stretchout  of  hji  and  placing  it  as  shown  on 
the  vertical  line  Ki\  At  right  angles  to  Ki  on  either  side,  at  top 
and  bottom  add  the  desired  width  of  the  handle  and  draw  the  lines 
shown;  add  edges  for  wiring  or  hem  edge. 

For  the  pattern  for  the  grasp  D  which  is  placed  inside  on  the 
handle  proceed  as  is  shown  in  Fig.  31.  Let  D  represent  an  en- 
larged view  of  part  of  the  handle  in  which  the  grasp  is  to  be  soldered. 
Directly  in  line  with  it  draw  the  section  E  taking  care  that  the 
width  from  1  to  1  will  not  be  wider  than  that  portion  of  the  handle 
from  r  to  s  in  Fig.  30,  being  the  width  at  C  in  the  elevation.  Divide 
the  section  Y^  in  Fig.  31  into  a  number  of  equal  spaces,  from  which 
draw  vertical  lines  intersecting  the  curve  D  as  shown.  Draw  the 
center  line  ah  upon  which  lay  oil  the  stretchout  of  E  as  shown  by 
similar  figures.  Through  these  points  draw  lines  which  intersect 
with  lines  drawn  from  similar  intersections  in  the  curve  D  parallel 
to  ah.   Trace  a  line  through  the  points  thus  obtained  as  shown  at  F. 

Foot  Bath.    In  Fig.  32  is  shown  an  oval  foot  bath;  the  princi- 
ples used  in  obtaining  the  pattern  of  which  are  applicable  to  any 
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form  of  flaring  vessels  of  which  the  section  is  elliptical  or  struck  from 

more  than  two  centers.  In  this  connection  it  may  be  well  to  ex- 
plain how  to  construct  an  ellipse,  so  that  a  set  of  centers  can  be 
obtained  with  which  to  strike  the  arcs  desired.  Fig.  33  shows  the 
method  of  drawing  an  approximate  ellipse,  if  the  dimensions  are 
given.  Let  AB  represent  the  length  of  the  foot  bath  and  CD  its 
width.  On  BA  measure  BE  equal  to  CD.  Now  divide  the  dis- 
tance £A  into  three  equal  parts  as 
shown  by  1  and  2.  Take  two  of 
these  parts  as  a  radius,  or  E2,  and 
A  III  lilm  ^^th  O  as  center,  describe  arcs  in- 

lllllllllm  tersecting  the  line  BA  at  X  and 

X\  Then  with  XX^  as  a  radius 
and  using  X  and  X*  as  centers 
describe  arcs  intersecting  each  other  at  C  and  D.  Draw  lines  from 
C  to  X  and  X*  and  extend  them  toward  F  and  G  respectively. 
Similarly  from  D  draw  lines  through  X  and  X^,  extending  them 
towards  I  and  II  respectively.  Now  with  X  and  X^  as  centers,  and 
XA  and  X*B  as  radii  describe  arcs  intersecting  the  lines  ID,  FC, 
GO  and  HD  at  J,  K,  L  and  M,  respectively.     In  similar  manner 

A R    J 

ELEVATION 


Pig.  33. 

with  D  and  C  as  centers  and  DC  and  CD  as  radii  describe  arcs 
which  must  meet  the  arcs  already  drawn  at  J,  M,  L  and  K,  respect- 
ively,  forming  an  approximate  ellipse.  In  Fig.  34  let  ABCD  repre- 
sent the  side  elevation  of  the  pan,  whose  vertical  lieight  is  equal 

to  EC. 

In  precisely  the  same  manner  as  described  in  Fig.  33  dnw 
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the  plan  as  shown,  in  correct  relation  to  the  elevation,  letting  EFGH 
be  the  plan  of  the  top  of  the  pan,  and  JKLI  the  plan  of  the  bottom, 
struck  from  the  centers,  0,M,P  and  N.  The  next  step  is  to  obtain 
the  radii  with  which  to  strike  the  pattern.  Draw  a  horizontal  line 
KE  in  Fig.  35  equal  in  length  to  NE  in  plan  in  Fig  34.  Take  the 
vertical  height  RC  in  elevation,  and  place  it  as  shown  by  RC  in 
Fig.  35  on  a  line  drawn  at  right  angles  to  RE.  Parallel  to  RE 
and  from  the  point  C,  draw  the  line  CJ  equal  to  NJ  in  Fig.  34. 


Fig.  35. 

Now  draw  a  line  from  Eto  J  in  Fig.  35,  extending  it  until  it  meets 
the  line  RC  produced.  Then  OJ  and  OE  will  be  the  radii  with 
which  to  make  the  pattern  for  that  part  of  the  pan  or  foot  bath 
shown  in  plan  in  Fig.  34  by  EFKJ  and  GHIL. 

To  obtain  the  radii  with  which  to  strike  the  smaller  curves  in 
plan,  place  distances  PF  and  PK  on  the  lines  RE  and  CJ  in  Fig. 
35  as  shown  by  RF  and  CK.  Draw  a  line  from  F  through  K  un- 
til it  meets  the  line  RO  at  P.  Then  PK  and  PF  will  be  the  radii 
with  which  to  strike  the  pattern,  for  that  part  shown  in  plan  in 
Fig.  34  by  KFGL  and  IHEJ.  Now  divide  the  curve  from  G  to  H 
and  H  to  E  (Fig.  34)  into  a  number  of  equal  spaces.  To  describe 
the  pattern  dra^  any  vertical  line  E*0*  (Fig.  35)  and  with  O*  as 
center  and  radii  equal  to  OJ  and  OE  in  the  diagram  Y,  describe 
the  arcs  J*K*  and  E*F*  as  shown.  On  the  arc  ET*  lay  off  the  stretch- 
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oat  of  GH  iD  plan  in  Fig.  34  as  shown  by  similar  figures  in  Fig. 
35.  From  the  point  0  on  the  arc  E'F'  draw  a  line  to  O'  intersect- 
ing the  curve  J'K'.  Now,  with  PF  in  diagram  Y  as  radius  and  F' 
as  a  center  describe  an  arc  intersecting  the  line  F'O'  at  F*.  Then 
asing  P'  as  a  center  and  with  radii  eqnal  to  P'K'  and  P'F'  describe 
the  arcs  K'L'  and  F'U'  as 
shown.  On  the  are  F'G' 
starting  from  point  6  lay 
off  the  stretchout  of  HE, 
Fig.  34.  From  H  draw  a 
line  to  P'  intersecting  the 
arc  K'L'  at  L'.  Then 
E'F'G'L'K'J'   will  be  the 


Pig.  36. 
half  pattern,  the  allowance 
for    wiring    and  seaming 
being  shown  by  the  dotted 
lines. 

Should  the  article  be 
desired  in  foar  sections, 
two  pieces  of  PK'L'G' 
would  be  required.  The 
pattern  for  the  bottom  of 
the  pan  is  shown  by  the  inner  ellipse  in  Fig.  34  to  which  of  coarse 
edges  must  be  allowed  for  double  seaming. 

Wash  Boiler.  In  Fig.  30  is  shown  a  perspective  view  of  a 
wash  boiler  to  which  little  attention  need  be  given,  except  to  the 
raised  cover.  First  draw  the  plan  of  the  cover  B,  Fig.  37,  which 
shows  straight  sides  with  semi-ciranlar  ends.  In  line  widi  the  plan 
draw  the  elevation  A,  giving  the  required  rise  as  at  C.  Let  O  rep- 
resent the  apex  in  elevation,  and  C  the  apex  in  plan.    As  both 
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halves  ot  the  cover  are  symmetrical,  the  pattern  will  be  developed 
for  one  half  only.  Divide  the  setni-circle  1-3-1  into  a  number 
of  equal  Bpaces  as  shown  by  the  small  figures  1,  2,  3,  2  and  1. 
From  these  points  draw  radial  lines  to  the  apex  C,  and  through 
0'  draw  the  perpendicular  aa.  03"  in  elevation  represents  the 
true  length  of  C'3  in  plan,  and  to  obtain  the  true  length  of 
C'2,  C'l  and  C'a,  it  will  be  necessary  to  construct  a  diagram  of 
triangles  as  follows:  With  C  as  center,  and  C'^,  C'l  and  C'3 
as  radii,  describe  arcs  intersecting  the  center  line  in  plan  at  a',  1' 
and  2'.  From  these  points  at  right  angle  to  3C'  erect  lines  inter- 
secting the  base  line  of  the  elevation  at  a",  1",  2" 
and  3",  from  which  draw  lines  to  the  apex  C,  as 
J  shown.  Kow,  with  radii  equal  to  C3",  C2",  CI" 
and  Ca",  and  C  as  center  describe  arcs  3*, 2*2*, 
1*1*  and  a'a'.  From  C  erect  the  perpendicu- 
lar intersecting  the  arc  3*  at  3'.  Now  set  the 
dividers  equal  to  the  spaces  3  to  2  to  1  to  a  in 
plan,  and  starting  from  3'  step  off  to  similar 
numbered  arcs,  thus  obtaining  the  intersections 
2'\'a';  from  o"  draw  lines  to  C,  and  trace  a  line  a'S'a'  to  get 
the  half  pattern  for  the  cover.     Allow  edges  for  seaming. 

The  body  of  the  boiler  requires  no  pattern,  as  that  is  simply 
the  required  height,  by  the  stretchout  of  the  outline  shown  in  plan. 
The  handles  shown  on  the  body  and  cover  in  Fig.  36  are  plain 
strips  of  metal  to  which  wired  or  hem  edges  have  been  allowed. 

Measure.  Fig.  38  shows  a  Saring-lipped  measure  with  han- 
dle attached.  Care  should  be  taken  in  laying  out  the  patterns  for 
these  measures,  that  when  the  measure  is  made  up  it  will  hold  a 
given  quantity.  While  there  are  various  proportions  used  in 
making  up  the  size  of  the  measure,  the  following  table  gives  good 
proportions : 


Fig.  38. 


Quantity. 

Bottom  Diameter 
ID  inches. 

Top  Diameter 
in  inches. 

Height. 

1  Gill. 

1  Quart. 
J^Gallon. 
1  Gallon. 

2.06 
2.60 
3.27 
4.12 
5.18 
6.55 

1.37 
1.75 
2.18 
2.75 
3.45 
4.35 

3.10 
3.89 
4.90 
6.18 

7.78 
B.80 

TINSMITHING 


33 


Fig.  39  shows  the  method  of  laying  out  the  pattern  for  the 
measure  and  lip.     First  draw  the  elevation  A  to  the  desired  size 


Fig.  39. 

and  assume  the  flare  of  the  lip  B,  as  shown  by  db.  From  h  draw 
a  line  through  7"  to  c  which  is  a  chosen  point,  and  draw  a  line  from 
c  to  rf.  Draw  the  handle  C  of  the  desired  shape.  Now  extend 
contour  lines  of  the  measure  uutil  they  intersect  at  a^  and  draw 
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the  half  section  of  the  bottom  of  the  measure  as  shown  at  D; 
divide  this  semi-circle  into  equal  parts  as  shown.  Now,  with  a  as 
a  center,  and  a7  and  a7"  as  radii,  describe  the  arcs  as  shown. 
From  any  point  (as  1')  draw  a  radial  line  to  at,  and  starting  at  1' 
set  off  the  number  of  spaces  contained  in  the  half  section  D,  as 
shown  by  the  small  figures  1'  to  7'.  From  7'  draw  a  radial  line 
to  a.  Allow  edges  for  wiring  and  seaming.  E  represents  the  half 
pattern  for  the  body  of  the  measure.  We  find  that  lip  B  is  simply 
an  intersected  frustum  of  a  right  cone,  which  can  be  developed  as 
shown  in  the  pattern  for  conical  boss  of  Fig.  25. 

There  is,  however,  a  shorter  method  which  serves  the  purpose 
just  as  well;  this  is  shown  at  F,  Fig.  39.  First  draw  the  half  sec- 
tion of  the  bottom  of  the  lip,  which  will  also  be  the  half  section  of 
the  top  of  the  measure,  as  shown  by  the  figures  1"  to  7".  Now, 
with  radii  equal  to  S-1",  or  J -7"  and  h'  in  F  as  center,  describe 
the  arc  7*7*.  From  V  drop  a  vertical  line  intersecting  the  arc  at 
1*.  Starting  from  the  point  1*,  set  off  the  spaces  contained  in  the 
half  section  l"-4"-7",  as  shown  by  the  figures  1*  to  7*.  From  V 
draw  lines  through  the  intersections  7*7*,  extending  them  as  shown. 
Now  take  the  distance  from  1"  to  d  of  the  front  of  the  lip  and 
place  it  as  shown  by  \^d'  in  F.  In  similar  manner  take  the  dis- 
tance from  7"  to  c  of  the  back  of  the  lip  and  place  it  as  shown  in 
F  from  7*  to  c*-  on  both  sides.  Draw  a  line  from  c*  to  d\  and  bi- 
sect it  to  obtain  the  center  e.  From  e^  at  right  angles  to  c*d\ 
draw  a  line  intersecting  the  line  Vd*  at/l  Then  using/*  as  center, 
with  radius  equal  to  fd\  draw  the  arc  cd'c  ^  as  shown.  Adding 
laps  for  seaming  and  wiring  will  complete  the  pattern  for  the  lips. 

The  pattern  for  the  handle  and  grasp  C  is  obtained  as  shown 
in  Figs.  30  and  31. 

Scale  Scoop.  Fig.  40  shows  a  scale  scoop,  wired  along  the 
top  edges  and  soldered  or  seamed  in  the  center.  The  pattern  is 
made  as  shown  in  Fig.  41.  First  draw  the  elevation  of  the  scoop 
as  shown  by  ABCD.  (In  practice  the  half  elevation,  BDC,  is  all 
that  is  necessary.)  At  right  angles  to  BD  and  from  the  point  C, 
draw  the  indefinite  straight  line  CE,  on  which  a  true  section  is  to 
be  drawn.  Therefore,  at  right  angles  to  CE,  from  points  C  and  E, 
draw  the  lines  CC  and  EE^  From  E*  erect  a  perpendicular  as 
E*C,   on  which  at  a  convenient  point  locate  the  center  F;  with 
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FE*  fts  radius,  describe  the  arc  IIE*I.  Then  HE*I  will  be  the  tnie 
StHJtion  on  CE  in  elevation.  Divide  the  section  into  a  number  of 
equal  parts  as  shown  by  the  figures  1  to  7;  through  these  points, 
parallel  to  the  line  of  the  scale  BD,  draw  lines  intersecting  BC  and 

CD  as  shown.  At  right  angles 
to  BD  draw  the  stretchout  line 
1-7  and  place  upon  it  the  stretch- 
out of  the  section  as  shown  by 
similar  figoires.  At  right  angrles 
j?ig.  4U.  to  1  -  7  draw  lines  which  intersect 

lines  drawn  at  right  angles  to  BD,  from  intersections  on  BC 
and  DC  having  similar   numbers.     Trace  a  line  through  these 


Fig.  41. 

points  and  thus  obtain  the  desired  pattern.      The  dotted  outline 
shows  the  lap  and  wire  allowance. 
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In  Fig.  42  is  shown  a  perspective  view  of  a  dust  pan  with  a 
tapering  handle  passing  through  the  back  of  the  pan  and  soldered 
to  the  bottom.  The  first  step  is  to  draw  the  plan  and  elevation 
which  is  shown  in  Fig.  43.  Let  ABC  be  the  side  view  of  the  pan. 
Directly  below  it,  in  its  proper  position,  draw  the  bottom  DEFG. 
From  the  point  C  in  elevation  draw  a  line  d'd  indefinitely.  Now 
bisect  the  angle  EFG.  Through  e  and  F  draw  the  line  cd^  in- 
tereecting  the  line  dd'  at  d.    From  d  draw  a  line  to  G. 

In  tie  same  manner  obtain  EV7'D  on  the  opposite  side,  which 
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will  complete  the  plan  view  of  the  pan.  Now  locate  the  point  h 
in  side  view,  through  which  the  center  line  of  the  handle  shall  pass, 
and  draw  the  line  Im  Through  m,  the  end  of  the  handle,  draw 
the  line  no  at  right  angles  to  Im,  and  assume  o  the  half  width  at 
the  top  and  j  the  point  where  the  contour  line  of  the  handle  shall 
meet  the  back  of  the  pan,  and  draw  a  line  from  o  through^',  inter- 
secting the  center  linu  Im,  at  /.  Make  inih  equal  to  ino  and 
draw  a  line  from  n  to  /,  intersecting  the  back  of  the  pan  at  x. 
Through  h  at  right  angles  to  the  center  line  draw  ?/",  giving  the 
diameter  of  the  handle  at  that  point  to  be  used  later.  This  com- 
pletes the  elevation  of  the  handle;  the  plan  view  is  shown  by  dotted 
linee  and  similar  letters,  but  is  not  required  in  developing  the 
pattern. 

For  the  pattern  of  the  pan  proceed  as  is  shown  in  Fig.  44,  in 
which  DEFG  is  a  reproduction  of  similar  letters  of  Fig.  43,  Take 
the  distance  of  BC  in  side  view,  Fig.  43,  and  place  it  as  shown  by 
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BC  in  Fig.  44  and  through  C  draw  a  line  parallel  to  EF  as  shown. 

At  right  angles  to  and  from  EF  draw  Er  and  Fr,  then  take  the 

distance  from  r  to 

rfinplaninFig.43        SIDE  view 

and   place    it    as 

shown  from  r  to  rf 

on    both   sides    in 

Fig.  44.    Draw  the 

lines  d¥  and  dSi. 

Now  using    E  asD 

center,  and  radius 

equal  to  E^  des. 

cribe  the  arc  st. 

Then   with   td   as 

radius  and  s  as  cen  - 

ter,    intersect    the 

arc  %t  at  d\    Draw 

a  line  from  d!  to 

D.  In  similar  man- 

ner  obtain  ^'G  on  o 

the  opposite  side, 

which    will    com- 

plete   the    pattern 

for  the  pan.  Allow 

laps  for  wiring  and  ^ 

edging. 

The  opening 
in  the  back  of  the 
pan  to  allow  the 
handle  to  pass 
through  is  obtain, 
ed  by  first  drawing 
a  center  line  ef^ 
then  take  the  dis- 
tances from  j  to  h 
and  A  to  a?  in  Fig 
43,  noting   that  j  ^^'  ^• 

comes  directly  on  the  bend  B,  and  place  it  in  Fig.  44  on  the  line  ef 
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from  j  to  A  to  x^  placing  J  on  the  bend  as  shown.  Now  take  the  dis- 
tance from  A  to  ^  or  A  to/'  in  side  view  in  Fig.  43  and  place  it  in 
Fig.  44  from  A  to  ^  on  either  side;  on  a  line  drawn  through  the 
points  jviA  draw  an  ellipse  shown.  Fig.  45  shows  the  method 
of  drawing  the  pattern  for  the  tapering  handle.  From  the  figure 
we  find  that  we  have  a  frustum  of  a  right  cone.  To  illustrate  each 
step  the  handle  has  been  slightly  enlarged.  Uy  Oyj^fre^reaents 
fly  Oy  jj  f  in  Fig.  43.  Draw  the  half  section  in  Fig.  45  as  shown, 
and  divide  it  into  equal   parts; 


drop  perpendiculars  as  shown  to 
the  line  noy  and  from  these 
points  draw  lines  to  the  apex  by 
which  is  obtained  by  extending 
the  lines  fij'  and  oj  until  they 


Fig.  47. 
a  center  and   bo  hb  b,  radius, 


Fig.  46. 

meet  at  b.      Where  the  radial 

lines  intersect  the  line  jf  draw 

lines    at    right  angles   to   the 

center  line  3b,  intersecting  the 

side  of  the  handle  o  b  2Lt  1\  2', 

3',  4'   and   5'.      Now  with   b  as 

describe  the  arc  1-1,  upon  which  place  twice  the  number  of  spaces 

contained  in  the  half  section  a.     From  these  points  on  1-1  draw 

radial  lines  to  b  and  cut  them  with  arcs  struck  from  b  as  center 

and  radii  equal  to  bl'y  b2\  bS\  M'  and  b5'.     Trace  a  line  through 

points  thus  obtained  to  complete  the  pattern. 

Colander.  Fig.  46  shows  another  well-known  form  of  tin 
ware,  known  as  a  colander.  The  top  and  bottom  are  wired  and 
the  foot  and  body  seamed  together,  the  handles  of  tinned  malleable 
iron  being  riveted  to  the  body.  In  Fig.  47  is  shown  how  to  lay 
out  the  patterns.  Draw  the  elevation  of  the  body  A  and  foot  B 
and  extend  the  sides  of  the  body  and  foot  until  they  meet  respec- 
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tively  at  C  and  D  on  the  center  line  ah.  Draw  the  half  section  on 
the  line  1-7  and  divide  it  into  equal  parts  as  shown.  For  the  body 
use  C  as  a  center  and  describe  the  arcs  shown,  laying  off  the 
stretchout  on  the  lower  arc,  allowing  edges  in  the  usual  manner. 
Then  E  will  be  the  half  pattern  for  the  body.  In  the  usual  man- 
ner obtain  the  pattern  for  the  foot  shown  at  F,  the  pattern  being 
struck  from  D'  as  center,  with  radii  obtained  hoia  the  elevation 
Dl  and  J)c. 

PLATES. 

In  preparing  the  plates,  the  student  should  practice  on  other 
paper,  and  then  send  finished  drawings  for  examination.  The 
plates  of  this  instruction  paper  should  be  laid  out  in  the  same 
manner  and  of  the  same  size  as  the  plates  in  Mechanical  Drawing 
Parts  I,  II  and  III. 

PLATE    I. 

On  this  plate,  the  intersection  between  two  right  cones  is 
shown.  This  problem  arises  in  the  manufacture  of  tinware  in 
such  instances  as  the  intersections  between  the  spout  and  body 
as  in  a  teapot,  watering  pot,  kerosene-oil  can,  dipper  handle  and 
body,  and  other  articles.  It  is  one  of  the  most  complicated  prob- 
lems arising  in  tinsmith  work.  The  problem  should  be  drawn  in 
the  center  of  the  sheet  making  the  diameter  of  the  base  A  4 
inches  and  the  height  of  the  cone  B  4^  inches.  The  distance 
from  X  to  Y  should  be  1  inch.  From  the  point  F  measure  down 
on  the  side  of  the  cone  a  distance  of  3^  inches  and  locate  the 
point  C,  from  which  draw  the  axis  of  the  smaller  cone  at  an  angle 
of  45°  to  the  axis  of  the  larger  cone.  From  C  measure  on  CL 
1|  inches  locating  the  point  6';  through  this  point,  at  right  angles 
to  the  axis,  draw  ED  equal  to  1^  inches.  From  the  point  4'  on 
the  base  of  the  cone,  measure  up  on  the  side  of  the  cone  a  distance  , 
of  ^  inch  as  indicated  by  (>,and  draw  a  line  from  o  to  £,  extending 
it,  until  it  intersects  the  axis  LC  at  L.  From  L  draw  a  line 
through  D  extending  it  until  it  intersects  the  larger  cone  at  a. 
Then  D  a  <?  E  will  represent  the  outline  of  the  frustum  of  the 
smaller  cone  in  elevation. 

The  next  step  is  to  obtain  the  line  of  intersection  between 
the  two  cones,  but  before  this  can  be  accomplished,  horizontal 
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sections  must  be  made  through  various  planes  of  the  smaller  cone 
cutting  into  the  larger.  As  the  intersection  of  each  half  of  the 
smaller  cone  with  the  larger  one  is  symetrical,  and  as  the  small 
cone  will  not  intersect  the  larger  one  to  a  depth  greater  than  the 
point  1  in  plan,  divide  only  one-quarter  of  the  plan  into  a  number 
of  equal  spaces  as  shown  by  figures  1  to  4;  from  these  points 
draw  radial  lines  to  the  center  F'  as  shown.  Also  from  points  1, 
2,  3  and  4  erect  vertical  lines  intersecting  the  base  of  the  cone  at 
1',  2',  3'  and  4'  respectively,  from  which  points  draw  radial  lines  to 
the  apex  F. 

Now  with  6'  on  the  line  ED  as  a  center  describe  the  circle 
shown,  which  represents  the  true  section  on  ED.  Divide  each 
semi-circle  into  the  same  number  of  divisions  as  shown  by  the 
small  figures  D,  5, 6,  7,  and  E  on  either  side.  From  these  points  at 
right  angles  to  ED  draw  lines  intersecting  the  center  line  ED  at  5'. 
6'  and  7'.  From  the  apex  L  draw  lines  through  the  intersection  5',  6' 
and  7',  and  extend  them  until  they  intersect  the  axis  of  the  large  cone 
at  e  and  the  base  line  at  k  and  n.  The  student  may  naturally  ask 
why  the  radial  lines  in  the  small  cone  are  drawn  to  these  points. 
As  it  is  not  known  how  far  the  smaller  cone  will  intersect  the  larger 
one,  we  obtain  such  sections  on  the  planes  juat  drawn,  as  we  think 
will  be  required  to  determine  the  depth  of  the  intersection.  Thus 
the  radial  line  drawn  through  5'  intersects  the  radial  lines  through 
4',  8',  2'  and  1'  in  the  larger  cone,  at  i,  c,  d  and  e  respectively. 
The  radial  line  through  6'  intersects  radial  lines  in  the  larger  cone 
at  y*,  A,  i,  j  and  the  base  line  at  ^,  while  the  radial  line  drawn 
through  the  point  7',  intersects  the  radial  lines  of  the  larger  cone 
at  I  and  vi  and  the  base  at  n.  We  know  that  the  line  D«  and  Eo 
of  the  smaller  cone  intersect  the  larger  cone  at  points  a  and  o  re- 
spectively, and  determine  the  true  points  of  intersection ;  these  are 
shown  in  plan  by  a'  and  o\  and  therefore  no  horizontal  sections 
are  required  on  these  two  planes.  For  the  horizontal  section  on 
the  plane  h  e,  drop  vertical  lines  from  the  intersections  i,  c  and  d 
on  the  radial  lines,  intersecting  radial  lines  having  similar  num- 
bers in  plan  as  shown  by  J',  c'  and  d\  To  obtain  the  point  of  in- 
tersection in  plan  of  e  in  elevation,  draw  from  the  point  e  a  hori- 
zontal line  intersecting  the  side  of  the  cone  at  «^,  from  which  point 
drop  a  perpendicular  line  intersecting  the  center  line  in  plan  at  e^. 
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Then  using  F*^^  as  radius,  describe  an  arc  intersecting  the  radial 
line  1  at  e\  Through  the  points  e\  d\  c'  and  h'  draw  a  curved 
line,  which  is  the  half  horizontal  section  of  ^  6  in  elevation.  In 
the  same  manner  obtain  the  sections  shown  in  plan  by  f*^  h\  i\j* 
and  A';  and  l\  w!  and  n\  which  have  similar  letters  and  figures  in 
both  plan  and  elevation.  The  next  step  is  to  obtain  the  intersec- 
tions where  the  radial  lines  of  the  smaller  cone  will  intersect  these 
sections  in  plan  just  obtained.  To  avoid  a  confusion  of  lines 
which  would  otherwise  occur,  a  reproduction  of  the  plan  and  ele- 
vation has  been  transferred  to  Plate  II. 

PLATE  II. 

The  figures  on  this  plate  are  similar  to  those  on  Plate  I  and 
have  similar  letters  and  figures;  those  letters  and  figures  being 
omitted  which  are  not  necessary.  This  plate  should  be  studied 
carefully  before  proceeding.  The  reproducing  from  Plate  I  can 
be  best  done  by  using  a  needle  point  or  the  small  needle  which  is 
usually  found  in  the  handle  of  the  drawing  pen,  when  unscrewing 
the  pen  from  the  handle,  and  pricking  through  Plate  I,  very  small 
indistinct  prick  marks.  Omit  all  that  is  omitted  in  Plate  II, 
where  it  will  b^  noticed  that  the  radial  line  in  elevation,  of  the 
larger  cone,  and  some  of  the  various  small  letters  in  plan  are  not 
represented. 

To  obtain  the  plan  view  of  the  smaller  cone,  proceed  as  fol- 
lows:  Extend  the  line  F*  4  in  plan  as  shown  by  F*  E^.  From  the 
apex  L  of  the  smaller  cone  drop  a  vertical  line  intersecting  F^  E^  at 
D,  which  represents  the  apex  of  the  smaller  cone  in  plan.  With 
D  as  center  and  radius  equal  to  the  radius  6'  D  describe  the  circle 
E*  D*  and  divide  the  circumference  into  the  same  number  of  spaces 
as  ED,  being  careful  to  number  the  spaces  as  is  there  shown.  The 
reason  for  doing  this  may  be  better  understood  from  what  follows: 
Assume  that  ED  is  a  pivot  on  which  the  circle  turns,  so  that  it 
lies  on  a  plane  ED,  then  by  looking  down  from  the  top,  the  points 
6  and  6  appear  as  shown  by  6'  and  6'  in  plan. 

A  better  illustration  is  obtained  by  cutting  a  card-board  disc 
and  after  spacing  it  and  numbering  the  points  hold  it  in  various 
positions  until  all  the  points  become  clear.  Now  from  the  inter- 
sections on  ED  in  elevation,  drop  lines,  intersecting  horizontal 
lines  drawn  from  similar  numbered  points  in  the  profile  E^  D^, 
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thus  obtaining  the  points  of  intersection  D^,  5^,  6^,  7^  and  E^. 
Trace  a  curved  line  through  these  points,  which  will  give  the 
the  top  view  of  ED.  As  the  radial  lines  drawn  through  the 
points  5',  6'  and  T  on  the  line  ED  of  the  smaller  cone  in 
elevation  intersect  the  section  lines  he^  fk  and  In  respec- 
tively, the  radial  lines  in  plan  drawn  through  the  apex  L*  and 
points  5^,  6^,  and  7^  must  intersect  similar  section  lines  in  plan 

V  e\f*  Td  and  V  n'  respectively,  as  shown  by  points  5^^,  6'  and  7^^. 
The  points  a'  and  o'  are  obtained  by  dropping  perpendiculars  from 
the  points  a  and  o  in  elevation  onto  the  line  E^  F^  in  plan. 
Through  the  points  thus  obtained,  draw  the  curved  line  a\  5^^,  6*, 
7',  o'  which  will  represent  the  plan  view  of  one-half  of  the  inter- 
section between  the  two  cones,  the  other  half  being  similar. 

Now  from  the  intersections  5^^,  6'  and  7*  on  the  section  lines 

V  e^f*  Td  9krAV  n*  respectively,  erect  perpendicular  lines  inter- 
secting similar  section  lines  in  elevation  h  e^fh  and  ln9J&  shown 
respectively  by  points  5°,  6°  and  7°. 

A  curved  line  traced  through  a,  5°,  6°,  7°  and  o  will  represent 
the  line  of  intersection  between  the  two  cones  in  elevation.  At 
right  angles  to  the  axis  of  the  smaller  cone  and  from  the  inter- 
sections  a,  5°,  6°  and  7°  draw  lines  intersecting  the  side  of  the 
cone  E  <?  at  D^  5^  6^  and  7^.  For  the  pattern  of  the  smaller 
cone  proceed  as  is  shown  in  the  following  plate: 

PLATE  III. 

On  this  plate  the  two  patterns  should  be  placed  in  the  center 
of  the  sheet.  Take  the  radius  of  LD  in  Plate  II  and  with  L  in 
Fig.  1  of  Plate  III  as  center  describe  the  arc  DD.  From  L  drop 
a  vertical  line  as  shown  by  L  E^.  Upon  the  arc  DD  meas- 
uring from  either  side  of  the  point  E,  lay  off  the  stretchout  of 
the  semi-circle  E,  7,  6,  5,  D  in  Plate  Has  shown  by  similar  letters 
and  figures  on  DD  in  Fig.  1  Plate  III.  From  the  apex  L  and 
through  these  points  draw  radial  lines  as  shown  and  intersect  them 
by  arcs  whose  radii  are  equal  to  L  D^,  L  5^,  L  6^,  L  7^  and  L  E^  in 
Plate  II,  as  shown  by  similar  letters  and  figures  in  Plate  III.  Trace 
a  line  through  points  thus  obtained,  and  D,  E,  D,  D^,  E^,  D^,  D 
will  be  the  pattern  for  the  small  cone.  As  the  pattern  for  the 
larger  cone  is  obtained  in  the  usual  manner,  we  will  only  show 
how  to  obtain  the  opening  to  be  cut  into  one  side  of  the  larger 
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cone  to  admit  the  intersection  of  the  smaller.  We  must  now 
again  refer'to  Plate  II.  From  the  intersections  a^  5°,  6"",  7\  and 
0  in  elevation  draw  lines  at  right  angles  to  the  line  of  the  axis, 
intersecting  the  side  of  the  cone  at  4^,  5^,  6^,  7^  and  4^. . 

Also  in  addition  to  the  spaces  1,  2,  3  and  4  in  the  plan  view, 
it  will  be  necessary  to  obtain  the  points  of  intersection  on  the  base 
line  in  plan,  where  the  radial  lines  would  intersect  drawn  from 
the  apex  F^  through  the  points  of  intersections  between  the  two 
cones.  This  is  accomplished  by  drawing  lines  from  F*  through 
5*,'  6*  and  7*  until  they  intersect  the  base  line  in  plan  at  5,  6  and 
7.  All  these  points  form  the  basis  with  which  to  develop  the 
pattern  shown  in  Fig.  2  of  Plate  III,  in  which  draw  the  vertical 
line  F  4,  and  with  F  as  a  center  and  radii  equal  to  FY,  and  F  P 
in  Plate  II  draw  the  arcs  YY  and  PP  in  Fig.  2  of  Plate  III  as 
shown.  Now  starting  from  the  point  4  on  the  arc  PP  on  either 
side,  lay  off  the  stretchout  of  1,  6,  5,  7  and  4  in  plan  in  Plate 
II  as  shown  by  similar  numbers  in  Fig.  2  of  Plate  III.  From 
the  points  6,  5,  7  and  4  on  either  side  draw  radial  lines  to  the 
apex  F,  which  will  be  used  to  obtain  the  pattern  for  the  opening. 
Now  with  F  as  center  and  radii  equal  to  F  4^  F  5^,  F  6^,  F  7^ 
and  F  4®  in  Plate  II,  describe  arcs  intersecting  radial  lines  having 
similar  numbers  in  Fig.  2  of  Plate  III  as  shown  by  intersections 
having  similar  numbers.  A  line  traced  through  these  points  will 
be  the  required  opening  to  be  cut  out  of  the  pattern  of  the  larger 
cone,  one-half  of  which  is  shown  by  drawing  radial  lines  from  the 
points  1  and  1  to  the  apex  F. 

PLATE   IV. 

In  drawing  this  plate,  the  same  size  paper  and  border  lines 
should  be  used  as  for  the  preceding  plates.  The  subject  for  this 
plate  is  an  oil  tank  resting  on  inclined  wooden  racks.  The  prob- 
lem  involves  patterns  in  parallel   and  radial-line  developments. 
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SHEETxMETAL  WORK, 


The  sheet-metal  worker  of  today  who  wishes  to  succeed  mtDt 
know  far  more  than  was  necessary  years  ago.  There  are  many 
good,  practical  sheet-metal  workers  in  the  trade  who  are  handi- 
capped because  they  are  unable  to  lay  out  the  patterns  that  arise 
in  their  daily  work.  Notwithstanding  the  introduction  of  labor- 
saving  machinery,  the  demand  for  good  workmen  has  increased. 
While  most  sheet-metal  workers  acquire  practical  knowledge  in  the 
shop,  they  lack  the  technical  education  necessary  to  enable  them  to 
become  proficient  as  pattern  cutters  and  draftsmen.  In  this 
course,  special  attention  is  given  to  the  fundamental  principles 
that  underlie  the  art  and  science  of  pattern  drafting. 

Practical  workshop  problems  will  be  presented,  such  as  arise 
in  everyday  practice,  thus  giving  the  student  the  practical 
experience  that  usually  comes  only  after  long  association  with  the 
trade 

CONSTRUCTION. 

In  constracting  the  various  articles  made  from  sheet  metal, 
various  gauges  or  thicknesses  of  metal  are  used.  For  all  gauges 
from  No.  20  to  No.  30  inclusive,  we  assume  in  the  development 
of  the  pattern,  that  we  are  dealing  with  no  thickness,  and  we  make 
no  allowance  for  bending  or  rolling  in  the  machine.  But  where 
the  metal  is  of  heavier  gauge  than  No.  20,  allowance  must  be  made 
for  shrinkage  of  the  metal  in  the  bending  and  rolling  operations, 
which  will  be  explained  in  connection  with  development  in  heavy 
sheet-metal  work.  What  has  been  said  about  wiring,  seaming, 
and  transferring  patterns  in  the  Tinsmith's  Course  is  applicable  to 
this  course  also.  It  is  sometimes  the  case  that  the  capacity  of  a 
vessel  or  article  must  be  determined,  when  the  rules  given  in 
Mensuration  should  be  followed.  Wlien  figuring  on  sheet-metal 
work,  the  specifications  sometimes  call  for  various  metals,  such  as 
galvanized  sheet  iron  or  steel,  planished  iron,  heavy  boiler  plate. 
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band  iron,  square  or  round  rods  for  bracing,  etc.,  zinc,  copper,  or 
brass;  and  the  weight  of  the  metal  must  often  be  calculated  together 
with  that  of  stiffening  rods,  braces,  etc.  On  this  account  it  is 
necessary  to  have  tables  which  can  be  consulted  for  the  various 
weights. 

TABLES. 

There  is  a  wide  difference  between  gauges  in  use,  which  is 
very  annoying  to  those  who  use  sheet  metal  rolled  by  different 
firms  according  to  the  various  gauges  adopted.  It  would  be  well 
to  do  away  with  gauge  numbers,  and  use  the  micrometer  caliper 
shown  in  Fig.  1,  which  determines  the  thickness  of  the  metal  by  the 
decimal  or  fractional  parts  of  an  inch. 


Fig.  L 

This  is  the  most  satisfactory  method  for  the  average  mechanic 
who  works  sheet  metal  manufactured  by  firms  using  different 
gauges.  The  tables  on  pages  61  to  74  can  be  consulted  when 
occasion  arises. 

SHOP  TOOLS. 

In  allowing  edges  for  seaming  and  wiring,  we  must  bear  in 
mind  that  when  a  seam  is  to  be  grooved  by  hand  or  machine  the 
allowance  to  be  made  to  the  pattern  should  conform  to  the  rolls  in 
the  machine  or  the  hand  tools  in  use.  The  edges  of  the  pattern 
are  usually  bent  on  the  sheet-iron  folder,  or  brake,  while  the  seam 
can  be  seamed  or  grooved  with  the  hand  groover  or  giant  grooving 
machine.  Where  round  pipe  work  is  done  in  lengths  up  to  3  feet, 
the  slip  roll  former  is  used,  while  square  or  rectangular  pipes  are 
bent  up  on  the  brake  in  8-foot  lengths.    Where  pipes,  elbows, 
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stove  bodies,  furnace  shells,  metal  drums,  etc.,  are  made,  the  sheets 
are  cut  square  on  the  large  squaring  shears,  rolled,  grooved,  and 
stiffened,  by  beading  both  ends  in  the  beading  machine,  using 
ogee  rolls.  There  is  also  a  special  machine  for  seaming  the  cross 
seams  in  furnace  pipes,  also  a  set  of  machines  for  the  manufacture 
of  elbows  used  in  sheet-metal  work.  As  before  mentioned,  if  these 
machines  are  at  hand,  it  will  be  well  to  make  slight  modifications 
in  the  patterns  so  that  both  the  machines  and  patterns  may  work 
to  advantage. 

PATTERNS  OBTAINED  BY  VARIOUS  METHODS. 

In  this  course  will  be  explained  the  four  methods  used  in 
developing  patterns  for  sheet-metal  work,  namely,  parallel  line, 
radial  line,  triangulation,  and  approximate  developments.  What 
was  said  on  parallel  and  radial  line  developments  in  the  Tinsmith's 
Course  is  applicable  to  this  course  also. 

INTERSECTIONS  AND  DEVELOPMENTS. 

The  following  problems  on  parallel  line  developments  have 
been  selected  because  they  have  a  particular  bearing  on  pipe  work 
arising  in  the  sheet-metal  trade.  All  of  the  problems  that  will 
follow  should  be  carefully  studied,  drawn  on  cheap  paper,  and 
proven  by  cardboard  models.  These  models  will  at  once  show  any 
error  in  the  patterns  which  might  otherwise  be  overlooked.  As 
only  the  Examination  Plates  are  to  be  sent  to  the  School,  the 
student  should  draw  all  the  other  plates  given  in  this  course. 

The  first  problem  to  be  drawn  is  shown  in  Fig.  2,  being  the 
intersection  between  a  cylinder  and  octagonal  prism.  In  drawing 
these  problems  for  practice,  make  the  cylinder  and  octagonal  prism 
both  2  inches  in  diameter.  The  height  of  the  cylinder  from  B  to 
E  should  be  4^  inches;  and  the  length  of  the  prism  from  G  to  H, 
3  inches.  Let  A  represent  the  plan  of  the  cylinder,  shown  in 
elevation  by  B  C  D  E;  and  F,  the  section  of  the  prism,  shown  in 
plan  by  G  H  I  J.  Number  the  comers  of  the  section  F  as  shown, 
from  1  to  4  on  both  sides;  and  from  these  points  draw  horizontal 
lines  intersecting  the  plan  of  the  cylinder  at  2 '3'  and  1'4'  on  both 
sides  as  shown.  Establish  a  convenient  intermediate  point  of 
intersection  between  the  comers  of  the  prism,  as  a  and  a  in  A,  from 
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which  draw  horizontcd  lines  intersecting  the  section  F  at  a ' ,  a ' ,  a ' , 
and  a ' .  Take  a  tracing  of  the  section  F  with  its  various  inter- 
sections, and  place  it  in  its  proper  position  as  shown  by  F\  in  the 
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center  of  the  cylinder  B  C  D  E,  allowing  the  section  to  make  a 
quarter  turn,  and  bringing  the  points  5 '  5 '  at  the  top  and  bottom 
on  a  vertical  line,  while  in  the  section  F,  5 '  5 '  are  on  a  horizontal 
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line.  From  the  various  intersections  in  F^,  draw  horizontal  lines 
intersecting  vertical  lines  drawn  from  similarly  numbered  inter- 
sections in  the  plan  A,  as  shown  in  elevation.  A  line  drawn 
through  these  points  will  represent  the  joint  between  the  cylinder 

and  prism. 

For  the  development  for  the  prism,  extend  the  line  H I  in  plan 
as  N  K,  upon  which  place  the  stretchout  of  all  the  points  contained 
in  the  section  F,  as  shown  by  similar  figures  and  letters  on  N  K. 
Through  these  points,  at  right  angles  to  N  K,  draw  lines  which 
intersect  with  lines  drawn  from  similarly  numbered  points  and 
letters  in  plan,  at  right  angles  to  J  I.  Trace  a  line  through  points 
thus  obtained,  and  K  L  M  N  will  be  the  desired  pattern.  To  obtain 
the  development  for  the  opening  in  the  cylinder,  extend  the  line 
D  E  in  elevation  as  S  O,  upon  which  place  the  stretchout  of  all  the 
points  contained  in  the  half -circle  A,  as  shown  by  similar  numbers 
and  letters  on  S  O.  At  right  angles  to  S  O  and  through  these 
points,  draw  lines  intersecting  horizontal  lines  drawn  from  inter- 
sections having  similar  numbers  and  letters  in  elevation,  thus 
obtaining  the  intersections  shown  by  T  U  V  W,  which  will  be  the 
shape  of  the  opening  to  be  cut  into  one-half  of  the  cylinder. 

In  Fig.  3  is  shown  the  intersection  between  a  hexagonal  and 
quadrangular  prism,  the  hexagonal  prism  being  placed  in  elevation 
at  an  angle  of  45°  to  the  base  line.  When  drawing  this  problem 
for  practice,  make  the  height  of  the  quadrangular  prism  4|  inches, 
and  each  of  its  sides  2  inches.  Place  the  hexagonal  prism  at  an 
angle  of  45°  to  the  base  line,  placing  it  in  the  center  of  the 
quadrangular  prism  in  elevation  as  shown;  and  inscribe  the  hex- 
agonal section  in  a  circle  whose  diameter  is  2^  inches.  Let  A 
represent  the  plan  of  the  quadrangular  prism  placed  diagonally  as 
shown,  above  which  draw  the  elevation  BODE.  In  its  proper 
position  and  proper  angle,  draw  the  outline  of  the  hexagonal  prism 
as  shown  by  1^  1'  4'  4^;  and  on  1*4'  draw  the  half  section  as 
shown  by  F,  numbering  the  comers  1'  2'  3'  and  4'.  From  the 
comer  1 '  in  the  plan  A,  draw  the  center  line  1 '  4.  Take  a  tracing 
of  the  half  section  F,  and  place  it  as  shown  by  F*,  placing  the 
points  1'  4'  in  F  on  the  center  line  in  F'  as  shown.  From  the 
comers  1, 2, 3,  and  4,  draw  lines  parallel  to  the  center  line,  intersect- 
ing the  two  sides  of  A  (5 1'  and  1'  a)  at  2'  3'  and  1'  4',  as  shown.    From 
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these  intersections  draw  vertical  lines,  which  intersect  by  lines 
drawn  parallel  to  4'  4^  from  comers  having  similar  numbers  in  F, 
thns  obtaining  the  points  of  intersection  !▼  2^  3^  and  4^.  Dropping 
vertical  lines  from  the  intersections  on  the  plane  1'  4'  in  elevation, 
and  intersecting  similarly  numbered  lines  in  plan,  will  give  the 
horizontal  section  of  1'  4',  as  shown  by  1^  2^  3°  and  4^. 


For  the  development  of  the  hexagonal  prism,  extend  the  line 
4'  1'  as  shown  by  H  J,  upon  which  place  the  stretchout  of  twice 
the  number  of  spaces  contained  in  the  half  section  F,  as  shown  by 
similar  figures  on  the  stretchout  line  H  J.  From  these  points,  at 
right  angles  to  H  J,  draw  lines  as  shown,  which  intersect  by  lines 
drawn  at  right  angles  to  the  line  of  the  prism  from  intersections 
!▼  to  4^,  thus  obtaining  the  points  of  intersection  1*  to  4*.    Lines 
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traced  from  point  to  point  as  shown  by  J  K  L  H,  will  be  the 
required  development.  The  shape  of  the  opening  to  be  cut  into  the 
quadrangular  prism,  is  obtained  by  extending  the  line  D  E  in 
elevation  as  N  O,  upon  which  place  the  stretchout  of  one-half 
the  section  A,  with  the  various  points  of  intersection,  as  shown  by 
similar  figures  on  O  N.  At  right  angles  to  O  N  erect  lines  from 
these  points,  which  intersect  by  lines  drawn  from  similarly 
numbered  intersections  in  elevation  at  right  angles  to  the  quad- 
rangular prism,  thus  obtaining  the  points  of  intersection  V"  to  4"' 
on  both  sides.    Then  N  O  P  R  will  be  the  half  development. 

Fig.  4  shows  the  intersection  between  two  cylinders  of  equal 
diameters  at  right  angles.  Make  the  height  of  the  vertical  cylinder 
3  inches,  that  of  the  horizontal  cylinder  1^  inches,  and  the  diameters 
of  both  2  inches.  Let  A  represent  the  plan  of  the  vertical  cylinder, 
and  B  its  elevation.  Draw  the  plan  of  the  horizontal  cylinder  C, 
shown  in  elevation  by  D  placed  in  the  center  of  the  vertical 
cylinder.  Draw  the  half  section  E  in  plan  and  divide  it  into 
equal  parts,  as  shown  from  1  to  3  to  1.  In  a  similar  manner  draw 
the  half  section  E*  in  elevation,  which  also  divide  into  the  same 
number  of  spaces  as  E,  reversing  the  numbers  as  shown. 

The  following  suggestions  are  given  to  avoid  confusion  in 
numbering  the  points  or  comers  of  irregular  or  round  sections  in 
plan  and  elevation.  If  the  half  section  E  were  bent  on  the  line  1-1 
and  turned  upward  toward  the  reader,  and  we  should  view  this 
section  from  the  front,  the  point  3  would  be  at  the  top,  or,  if  bent 
downward,  would  be  at  the  bottom;  therefore  the  points  3  and  3  in 
elevation  are  placed  at  top  and  bottom.  Now  if  the  section  E^  in 
elevation  were  bent  on  the  line  3-3  either  toward  or  away  from  the 
reader,  the  point  1  when  looking  down  would  show  on  both  sides  as 
shown  in  plan,  which  proves  both  operations.  No  matter  whether 
the  form  is  simple,  as  here  shown,  or  complicated  as  that  which 
will  follow,  the  student  should  use  his  imaginative  power.  Study 
the  problem  well;  close  your  eyes  and  imagine  you  see  the  finished 
article  before  you,  or,  failing  in  this,  make  a  rough  model  in  the 
shop  or  a  cardboard  model  at  home,  which  will  be  of  service.  Now 
from  the  intersections  in  E,  draw  horizontal  lines  intersecting  the 
circle  A  at  1',  2'  and  3'  on  both  sides.  From  these  points  erect 
perpendicular  lines  and  intersect  them  with  horizontal  lines  drawn 
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from  similarly  numbered  intersections  in  E^  Lines  traced  through 
these  points  3'  2'  1'  and  1'  2'  3'  will  be  straight  because  both 
branches  are  of  equal  diameters. 

For  the  development  of  the  cylinder  D  in  elevation,  extend 
the  line  3-3  as  shown  by  F  G,  upon  which  place  the  stretchout  of 
twice  the  number  of  spaces  contained  in  E\  as  shown  by  similar 
numbers  3°  to  1°  to  3°  to  1°  to  3°  on  the  stretchout  line  F  G. 
From  these  points,  at  right  angles  to  G  F,  draw  lines,  and 
intersect  them  by  lines  drawn  parallel  to  the  cylinder  B  from  similar 
numbers  in  the  joint  line.  Trace  a  line  through  these  points  in 
the  development,  when  F  G  H  I  will  be  the  desired  shape. 

For  the  opening  to  be  cut  into  the  cylinder  B  to  receive  the 
cylinder  D,  extend  the  base  of  the  cylinder  B  as  shown  by  1^  1^, 
upon  which  place  the  stretchout  of  the  half  circle  A  in  plan,  as 
shown  by  similar  figures  on  the  stretchout  line  1^  1^.  From  these 
points  erect  perpendiculars,  which  intersect  by  lines  drawn  from 
similarly  numbered  intersections  in  elevation  at  right  angles  to  the 
line  of  the  cylinder  B.  Trace  a  line  through  the  intersections 
thus  obtained;  J  K  L  M  will  be  the  shape  of  the  opening. 

Fig.  5  shows  the  intersection  of  two  cylinders  of  unequal 
diameters  at  an  angle  of  45°.  Make  the  diameters  of  the  large  and 
small  cylinders  2  inches  and  IJ  inches  respectively;  the  height  of 
the  large  cylinder  3  inches;  and  the  length  of  the  small  cylinder 
measured  from  its  shortest  side  in  elevation,  1  inch,  placed  at  an 
angle  of  45°  in  the  center  of  the  cylinder  B.  A  represents  the 
plan  of  the  large  cylinder  struck  from  the  center  a  and  shown  in 
elevation  by  B.  Draw  the  outline  of  the  small  cylinder  C  at  its 
proper  angle,  and  place  the  half  section  D  in  its  position  as 
shown;  divide  it  into  a  number  of  equal  spaces,  as  shown  from 
points  1  to  5.  Through  the  center  a  in  plan,  draw  the  horizontal 
line  a  5;  and  with  5  as  a  center  describe  a  duplicate  of  the  half 
section  D  with  the  various  points  of  intersection,  as  shown  by  !>, 
placing  the  points  1  and  5  on  the  horizontal  line  a  5.  From  the 
intersections  in  D^  draw  horizontal  lines  intersecting  the  large 
circle  A  at  3 '  to  3 '  us  shown,  from  which  points  erect  perpendicular 
lines;  intersect  them  bylines  drawn  parallel  to  the  lines  of  the 
smaller  pipe  from  similarly  numbered  intersections  in  D.    A  line 
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traced  throngh  the  points  thus  obtained  will  represent  the  inter- 
section or  miter  joint  between  the  two  pipes. 

These  same  principles  are  applicable  no  matter  what  diameters 
the  pipes  have,  or  at  what  angle  they  are  joined,  or  whether  the 


Pig.  5. 

pipe  is  placed  as  shown  in  plan  or  at  one  side  of  the  center  line. 

For  the  development  of  the  small  cylinder  extend  the  line  5-1 

in  elevation  as  shown  by  F  E,  upon  which  place  the  stretchout 
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of  the  circle  D*  iu  plan,  or  twice  the  amount  of  D  in  elevation, 
as  shown  by  similar  figures  on  the  stretchout  line  F  E.  At  right 
angles  to  F  E  and  through  these  small  figures,  draw  lines  which 
intersect  with  linos  drawn  at  right  angles  to  the  lines  of  the 
small  cylinder  from  similarly  numbered  intersections  in  the 
miter  line  in  elevation.  Trace  a  line  through  the  points  thus 
obtained;  E  F  G  will  be'  the  development  for  the  cylinder  0. 

To  obtain  the  opening  in  the  large 
cylinder  extend  the  lines  of  the  large 
cylinder  in  elevation  as  shown  at  the  base 
by  H  J,  upon  which  place  the  stretchout 
of  the  intersections  contained  in  the  circle 
A,  being  careful  to  transfer  each  space 
separately  (as  they  are  unequal)  to  the 
stretchout  line  H  J.  Through  these  points 
and  at  right  angles  to  H  J  erect  lines  which 
intersect  with  horizontal  lines  drawn  from 
similar  points  in  the  miter  line  in  elevation 
A  line  traced  through  the  points  thus 
obtained,  as  shown  by  K  L  M  N,  will  be 
the  d(isired  development. 

Fig.  6  shows  the  intersection  between 
a  quadrangular  prism  and  sphere,  the  center 
of  the  prism  to  come  directly  over  the  center 
of  the  sphere.  Make  the  diameter  of 
the  sphere  2|  inches,  the  sides  of  the 
prism  1|  inches,  and  the  height  from  f 
to  c'  2|  inches.  Draw  the  elevation  of  the 
sphere  A  which  is  struck  from  the  center 
a,  from  which  erect  the  perpendicular  a  b.  With  any  point,  as  c, 
as  a  center  and  using  the  same  radius  as  that  used  for  A,  describe  the 
plan  B.  Through  c  draw  the  two  diagonals  at  an  angle  of  45°,  and 
draw  the  plan  of  the  prism  according  to  the  measurements  given. 
Now  draw  the  elevation  of  the  prism/"  c'  and/'  c,  the  sides  of  the 
prism  intersecting  the  sphere  at  c  and  c ' .  From  either  of  these  points 
draw  a  horizontal  line  intersecting  the  center  line  ah  aid.  Then 
using  ^  as  a  center  and  a  d  as  the  radius,  describe  the  arc  e  e ' 
intersecting  the  sides  of  the  prism  extended  at  e  and  e*  \f  e  e'  f 
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will  be  the  development  for  one  of  the  sides  of  the  prism.    In 
practice  the  fonr  sides  are  joined  in  one. 

Fig.  7  shows  the  intersection  of  a  qnadrangular  prism  and 
sphere  when  the  center  of  the  prism  is  placed  to  one  side  of  the 
center  of  the  sphere.  Make  the  diameter  of  the  sphere  the  same 
as  in  the  preceding  figore;  through  x  in  the  plan  draw  the  45° 
diagonal,  and  make  the  distance  from  a?  to  A  ^  inch,  the  sides  of 
the  prism  1  inch,  and  the  height  from  E  tocin  elevation  1^  inches. 

Having  drawn  the  elevation  and  plan  of 
the  sphere,  construct  the  plan  of  the  prism 
as  shown  by  A  B  C  D.  Parallel  to  the 
center  line  x  y  project  the  prism  in  eleva- 
tion intersecting  the  sphere  at  a  and  c. 
Now  since  the  center  of  the  sphere  is  on 
one  of  the  diagonals  of  the  prism  in  plan, 
either  two  of  the  sides  meeting  at  one  end 
of  that  diagonal,  as  B  C  and  C  D,  will  be 
alike,  and  both  will  be  diflferent  from  the 
other  two  sides  A  B  and  A  D,  meeting  at 
the  opposite  end  of  the  diagonal.  There- 
fore the  line  F  a  in  elevation  will  be  used 
in  obtaining  the  development  of  D  C  in 
plan,  while  the  line  E  c  will  be  used  in 
obtaining  the  development  for  the  two 
sides  D  A  and  A  B  in  plan. 

Now  from  a  draw  a  horizontal  line 
intersecting  the  center  line  x  y  oi  h; 
and  using  y  as  a  center  and  ^  &  as  the 
radius,  describe  the  arc  G  H  intersecting 
the  sides  of  the  prism  extended  to  G 
and  H.  Then  E  F  G  H  is  the  development  for  each  side  of  the 
prism  shown  in  plan  by  D  C  and  C  B.  In  a  similar  manner,  from 
the  intersection  c  in  elevation  draw  a  horizontal  line  intersecting 
the  center  line  x  y  aid.  Then  using  y  as  center  and  y  das  radius, 
describe  an  arc  intersecting  the  sides  of  the  prism  at  e  andy.  E 
Ffe  will  show  the  development  for  either  side  of  the  prism  shown 
in  plan  by  D  A  and  A  B.  By  connecting  the  points  G  and  /  it 
will  be  found  that  the  line  is  a  true  horizontcd  line,  which  proves 


Fig.  7. 


SHEET-METAL  WORK  IB 

the  two  developments.  Should  the  plan  of  the  priam  be  so  placed 
on  the  sphere  that  all  sides  would  be  different,  then  two  elevations 
would  be  necessary  so  that  the  intersections  of  all  the  sides  could 
be  shown. 

Developments  by  Trians^ulation.     In  developing  sheet-metal 

work  of  irregular  forms,  patterns  are  required  which  cannot  be 
developed  by  either  the  parallel  or  radial-line  methods.  These 
irregular  shapes  are  so  formed  that  although  straight  lines  can  be 
drawn  upon  them  the  lines  would  not  run  parallel  to  one  another, 
nor  would  they  all  incline  to  a  common  center.  In  the  methods 
previously  described,  the  lines  in  parallel  developments  run  parallel 
to  one  another,  while  in  radial-line  developments  all  the  lines  meet 
at  a  common  center.  Hence  in  the  development  of  any  irregular 
article,  it  becomes  necessary  to  drop  all  previous  methods,  and 
simply  proceed  to  measure  up  the  surface  of  the  irregular  form, 
part  by  part,  and  then  add  one  to  another  until  the  entire  surface 
is  developed.  To  accomplish  this,  one  of  the  simplest  of  all 
geometrical  problems  is  made  use  of  and  shown  in  Part  II  of 
Mechanical  Drawing,  Plate  V,  Problem  11,  entitled  "To  construct 
a  triangle  having  given  the  three  sides."  To  carry  out  this  method 
it  is  necessary  only  to  divide  the  surface  of  the  plan  or  elevation 
of  any  irregular  article  into  a  number  of  equal  parts.  Use  the 
distances  in  plan  as  the  bases  of  the  triangles,  and  the  distances  in 
elevation  as  the  altitudes  or  heights  of  the  triangles,  or  vice  versa; 
and  then  find  the  hyjwthenuse  by  connecting  the  two  given  lengths. 

To  illustrate  this  simple  principle  Fig.  8  has  been  prepared. 
Let  A  B  C  D  represent  the  plan  of  a  plane  surface,  shown  in 
elevation  by  A^  B^  We  know  that  the  true  length  of  the  plane 
is  equal  to  A^  B^  and  the  true  width  is  equal  to  A  D  or  B  C  in  plan. 
We  also  know  that  the  vertical  height  from  the  bottom  of  the  plane 
A*  to  the  top  B*  is  equal  to  B*  J  as  shown.  But  suppose  we  want 
to  obtain  the  true  length  of  the  diagonal  line  B  D  in  plan  on  the 
developed  plane.  To  obtain  this  it  will  be  necessary  only  to  take 
the  length  of  B  D,  place  it  from  b  to  D\  and  draw  a  line  as  shown 
from  B*  to  I>,  which  is  the  length  desired. 

While  this  may  look  very  simple,  it  is  all  that  there  is  to 
triangulation,  and  if  the  student  thoroughly  understands  the  simple 
principle  and  studies  the  problems  which  will  follow,  he  will  have 
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no  trouble  in  ap(Jying  this  princii^e  in  complicated  work.  To 
make  it  still  clearer  we  will  prore  the  length  of  the  line  B^  D^. 
Take  the  distance  of  A^  B^,  place  it  in  plan  as  shown  by  A  B',  and 
complete  the  rectangle  A  B'  (7  D.  Draw  the  diagonal  B'  D,  being 
the  length  sought,  which  will  be  found  to  equal  B^  D^  in  elevation. 
When  drawing  this  problem  in  practice,  make  the  plan  4  by  6  inches 
and  the  vertical  height  in  elevation  5  inches. 

In  obtaining  developments  by  triangalation«  the  student  should 
ose  all  of  his  conceptive  powers  as  previously  explained.    Before 

making   any   drawing,    he    must 

see  the  article  before  him  in  his 

mind^s  eye,  so  to   speak,   before 

i  he   can    put   it  down   on   paper. 

I  Therefore   we   want    to    impress 

i^  CLCVATION       n  upon  th^  student  the  necessity  of 

'  I  drawing  all  the  problems  that  will 

follow  in  this  part  and  in  the  Prac 

tical    Workshop    Problems.       It 

should    be    understood   that   tri- 

angulation    is    not   given   as  an 

PLAN  ^'       '^     alternative  method,  but   is   used 

Fig.  8.  when    no   other  method  can   be 

employed,  and  without  it  no  true  pattern  could  be  obtained  for 

these  irregular  shapes;  hence  the  necessity  of  close  study. 

In  Fig.  9  is  shown  an  irregular  soli(?  whose  base  and  top  are 
triangles  crossing  each  other,  and  in  which  the  principle  just 
explained  will  be  put  to  practical  test  Inscribe  the  triangles 
shown  in  jJan  in  a  circle  whose  radius  is  equal  to  a  1,  or  1^  inches, 
and  make  the  height  of  the  article  in  elevation  2  inches.  The 
dotted  triangles  1  2  3  in  plan  represent  the  section  of  the  article  on 
the  line  2-3  in  elevation:  and  the  solid  triangle  1^  2^  3^  in  plan,  the 
section  on  the  line  2^  3^  in  elevation.  Now  connect  the  two  sections 
in  plan  by  drawing  lines  from  1  to  2*  and  to  3\  from  2  to  2^  and  to 
1^,  and  from  3  to  1^  and  to  3^.  In  a  similar  manner  connect  the 
points  in  elevation  as  shown.  It  now  becomes  necessary  to  obtain 
a  triangle  giving  the  true  length  of  the  lines  connecting  the 
comers  of  the  triangle  in  plan,  and  as  all  of  these  lines  are  equal 
only  one  triangle  is  necessary.    Therefore  take  the  distance  from 
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1  to  2^  in  plan  and  place  it  on  the  line  3-2  extended  in  elevation, 
as  shown  from  2  to  1°,  and  draw  a  line  from  1°  to  2\  which  is  the 
desired  length. 

For  the  pattern,  proceed  as  is  shown  in  Fig.  10.  Take  the 
distance  of  any  one  of  the  sides  in  the  triangle,  as  1-2  in  Fig.  9, 
and  place  it  on  the  horizontal  line  3*  ELEVATION 
1-2  in  Fig.  10.    Then  using  1  and 

2  as  centers,  with  1°  2Mn  elevation 
in  Fig.  9  as  radius,  describe  the 
arcs  in  Fig.  10  intersecting  each 
other  in  2\  Then  1  2  2^  will  be 
the  pattern  for  one  of  the  sides 
shown  in  plan  in  Fig.  9  by  1  2  2\ 
Proceed  in  this  manner  in  Fig.  10 
as  shown  by  the  small  arcs;  or  a 
tracing  may  be  taken  of  the  one 
side  1  2  2\  and  traced  as  shown 
until  six  sides  are  obtained,  which 
will  be  the  full  pattern  and  which 
is  numbered  to  correspond  to  the 
numbers  in  plan. 

In  Figs.  11, 12,  and  13  are  shown  the  methods  used  in  develop- 
ing a  scalene  cone.  The  method  of  obtaining  the  development  of 
any  scalene  cone,  even  though  its  buse  is  a  perfect  circle,  is  governed 
by  the  same  principle  as  employed  in  the  last  problem  on  triangn- 


Fig.  9. 


Fig.  10. 

lation  It  is  well  to  remember  that  any  section  of  a  scalene  cone 
drawn  parallel  to  its  base  will  have  the  same  shape  (differing  of 
course  in  size)  as  the  base.    This  is  equally  true  of  articles  whose 
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.bases  are  in  the  shape  of  a  square,  rectangle,  hexagon,  octagon,  or 
any  other  polygon.  What  has  jnst  been  explained  will  be  proven 
in  connection  with  Fig.  11,  in  which  ABC  represents  a  side 
elevation  of  a  scalene  cone,  whose  plan  is  shown  by  1  4^  7  4  C?. 
Draw  any  horizontal  line,  as  A  D,  on  which  set  off  the  distances 


•  mm 


A  B  equal  to  3  inches  and  B  D  equal  to  2^  inches,  and  the 
vertical  height  D  C  equal  to  4^  inches.  Draw  lines  from  B  and 
A  to  C,  which  comp|j3te8  the  devalioii.  In  its  proper  position 
below  the  line  A  B,  dmw  *K«  ^  *  B  m  1 4  7  4*  struck  from 

the  center  a    T  line  O  (7,  and 
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intersect  it  by  a  vertical  line  drawn  from  the  apex  C  in  elevation, 
tbns  obtaining  the  apex  C^  in  plan.  Draw  lines  from  4  and  4'  to  C\ 
which  completes  the  plan. 

Ab  both  halves  of  the  scalene  cone  are  symmetrical,  it  is 
necessary  only  to  divide  the  half  plan  14  7  into  a  immber  of  equal 
spaces  as  shown  by  the  small  figures  1  to  7,  and  from  points 
thus  obtained  draw  radial  lines  to  the  apex  C.  Then  these  lines 
in  plan  will  represent  the  bases  of  triangles  which  will  be  con- 
structed, whose  altitudes  are  all  equal  to  D  C  in  elevation.  There- 
fore in  Fig.  12  draw  any  horizontal  line,  as  A  B,  and  from  any 
point,  as  C,  erect  the  perpen- 
dicular line  C  C*  equal  in 
height  to  D  C  in  Fig.  11. 
Now  from  C  in  plan' take  the 
various  lengths  of  the  lines  1 
to  7  and  place  them  on  the 
line  A  B  in  Pig.  12,  measur- 
ing in  every  instance  from 
the  point  C,  thus  obtaining 
the  intersections  1  to  7,  from 
which  lines  are  drawn  to  the 
apex  C.  Then  these  lines  will 
represent  the  true  lengths  of 
similarly  numbered  lines  in 
plan  in  Fig.  11. 

For  the  pattern  proceed  as  is  shown  in  Fig.  13.  With  C  as 
center  and  radii  equal  to  C  7,  6,  5,  4,  etc.,  in  Fig.  12,  describe  the 
arcs  7-7,  6-6,  5-5,  4-4,  etc.,  in  Fig,  13  as  shown.  Now  assuming 
that  the  seam  is  to  come  on  the  short  side  of  the  cone,  as  C  B  in 
Fig.  11,  set  the  dividers  equal  to  one  of  the  equal  spaces  in 
the  plan;  and  starting  on  the  are  7-7  in  Fig.  13,  step  from  arc  7  to 
arc  6,  to  arcs  5,  4,  3,  2,  and  1,  and  then  continue  to  arcs  2,  3,  etc., 
up  to  7.  Trace  a  line  through  these  intersections  as  shown  by 
7-1-7,  and  draw  lines  from  7  and  7  to  C,  which  completes  the 
pattern. 

Now  to  prove  that  any  section  of  an  oblique  or  scalene  cone 
eat  parallel  to  its  base,  has  a  similar  shape  to  its  base  (differing  in 
size),  draw  any  line  aaabin  Fig.  11  .parallel  to  A  B,    From  O  in 


Fig.  13. 
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plan  erect  a  vertical  line  intersecting  the  base  line  A  B  at  (7,  from 
which  draw  a  line  to  the  apex  C,  cutting  the  line  a  h  at  e.  Then 
the  distances  e  a  and  e  h  will  be  eqnal;  and  using  ^  as  a  center  and 
eh  BB  radius,  describe  the  circle  afbi^  which  is  the  true  section 

on  a  h.  Then  ah  B  A 
will  be  the  fmstum  of 
a  scalene  cone.  Extend 
the  line  a  h  parallel  to 
A  D,  cutting  the  diagram 
of  triangles  in  Fig.  12 
from  atoh.  Then  with 
radii  equal  to  the  dis- 
tances from  C^  to  the 
various  intersections  on 
the  line  a  £,  and  using 
C  in  Fig.  13  as  center, 
intersect  similarly  num- 
I  bered  radial  lines  drawn 

^X^-^^  from  7  to  1  to  7  to  the 
'^    "  apex  C.    A  line  traced 

as  shown  from  7 '  to  1 ' 
to  7 '  will  be  the  desired 
cut,  and  7-7-7 '-7'  will 
be  the  pattern  for  the 
isj  frustum.  The  practical 
use  of  this  method  is 
shown  in  diagram  V  in 
Fig.  11;  a'  is  the  frus- 
tum of  the  oblique  cone, 
on  the  ends  of  which  are 
connected  round  pipes 
Fig.  14.  J'andc'. 

It  is  shown  in  Fig.  14  how  in  an  irregular  solid  whose  base  is 
square  and  top  is  round,  both  top  and  bottom  on  horizontal  planes 
are  developed.  The  comers  in  plan  F  B  G,  G  C  H,  H  D  E  and 
E  A  F  should  be  considered  as  sections  of  scalene  cones.  Proceed 
by  drawing  the  plan  A  B  C  D  ^  inches  square,  which  represents  the 
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plan  of  the  base  of  the  article;  and  the  circle  E  F  G  H  2 J  inches 
in  diameter,  which  shows  the  plan  of  the  top  of  the  article;  the 
vertical  height  to  be  3  inches,  shown  from  atoh.  As  the  circle  is  in 
the  center  of  the  square,  making  the  four  comers  symmetrical,  it  is 
necessary  only  to  divide  the  one-qnarter  circle  into  a  nnmber  of 
equal  parts  as  shown  by  the  small  figures  1,  2,  2,  3,  from  which  draw 
lines  to  the  apex  B.  Complete  the  elevation  as  shown  by  IJ  K  L. 
Now  using  B  as  center,  and  radii  equal  to  B  1  and  B  2  in  plan, 
describe  arcs  intersecting  A  B  at  1 '  and  2'  as  shown.  From  these 
points  erect  perpendiculars  intersecting  the  top  of  the  article  I  J 

I" 


A  K 

Fig.  15. 

in  elevation  at  1^  and  2",  from  which  draw  lines  to  K.  Then  K  1' 
and  K  2'  will  be  the  true  lengths  of  the  lines  shown  in  plan  by 
B  1  and  B  2  respectively  on  the  finished  article. 

For  the  half  pattern  proceed  as  foUows:  In  Fig.  15  draw  any 
horizontal  line,  as  A  B,  equal  in  length  to  A  B  in  plan  in  Fig.  14. 
Now  with  K  1 '  as  radius  and  A  and  B  in  Fig.  15  as  centers,  describe 
arcs  intersecting  each  other  at  1  From  1  drop  a  vertical  line 
intersecting  A  B  at  K.  Then  1  K  should  equal  J  K  in  elevation 
in  Fig.  14,  which  represents  the  true  length  through  G  N  in  plan. 
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Now  with  radii  equal  to  K  1^  and  K  2'  in  elevation,  and  with  B  in 
Fig.  15  as  centei",  describe  the  arcs  1-1'  and  2-2'.  Now  set  the 
dividers  equal  to  one  of  the  spaces  in  G  F  in  i^lan  in  Fig.  14;  and 
starting  at  1  in  Fig.  15,  step  ofif  arcs  having  similar  numbers  as 
shown  by  1,  2,  2',  1 ' .  Now  using  1  B  as  radius,  and  1 '  as  center, 
describe  the  arc  B  C,  and  intersect  it  by  an  arc  struck  from  B  as 
center  and  with  B  A  as  radius,  as  shown  at  C.  Take  a  tracing  of  1 
B  1'  and  place  it  as  shown  by  1'  CI*.  Now  connect  the  various 
intersections  by  drawing  lines  from  1  toA  toBtoCto 
1^  tol'  to  1,  which  completes  the  half  pattern.  The  triangu- 
lar pieces  1  A  B  or  1'  B  C  will  represent  the  flat  sides  of  the 
article  shown  in  plan  by  1  A  B  or  3  B  C  respectively  in  Fig.  14; 
and  the  cone  patterns  1-1'  B  and  I'-l'  C  in  Fig.  15,  the  sections  of 
the  scalene  cones  1-3-B  and  H-G-C  respectively  in  plan  in  Fig.  14. 
This  same  rule  is  applicable  whether  the  top  opening  of  the  article 
is  placed  exactly  in  the  center  of  the  base  or  at  one  side  or  comer. 
Various  problems  of  this  nature  will  arise  in  Practical  Workshop 
Problems;  and  if  the  principles  of  this  last  problem  are  thoroughly 
understood,  these  will  be  easily  mastered. 

Approximate  Developments.  In  developing  the  blanks  or 
patterns  for  sheet-metal  work  which  requires  that  the  metal  be 
hammered  or  raised  by  hand,  or  passed  between  male  and  female 
dies  in  foot  or  power  presses,  circular  rolls,  or  hammering  machines, 
the  blanks  or  jxittems  are  developed  by  the  approximate  method, 
because  no  accurate  pattern  can  be  obtained.  In  all  raised  or 
pressed  work  in  sheet  metal,  more  depends  ui)on  the  skill  that  the 
workman  has  with  the  hammer,  than  on  the  patterns,  which  are  but 
approximate  at  their  bt^st.  While  this  is  true,  it  is  equally  true 
that  if  the  workman  understands  the  scientific  rule  for  obtaining 
these  approximate  patterns  a  vast  amount  of  time  and  labor  can  be 
saved  in  bringing  the  metal  to  its  proper  profile.  If  the  true  rule 
for  averaging  the  various  shai)es  and  profiles  in  circular  work  is  not 
understood,  the  result  is  that  the  blank  has  either  too  little  or  too 
great  a  flare  and  will  not  form  to  its  proper  profile  and  curve. 
Before  proceeding  to  describe  the  approximate  development 
methods,  attention  is  called  to  the  governing  principle  underlying 
all  such  operations.  We  have  previously  shown  how  the  patterns 
are  developed  for  simple  flaring  ware;    in  other  words,  how  to 
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develop  the  frustum  of  a  cone.  The  patterns  for  curved  or  any 
other  form  of  circular  or  hammered  work  are  produced  upon  the 
same  principle.  The  first  illustration  of  that  principle  is  shown  in 
Fig.  16,  in  which  A  B  C  D  represents  a  sphere  3  inches  in  diameter 
composed  of  six  horizontal  sections,  struck  from  the  center  a. 


Pig.ia 

Divide  the  quarter  circle  A  C  into  as  many  i)arts  as  there  are 
sections  required  in  the  half  sphere  (in  this  case  three),  and  draw 
horizontal  lines  through  the  ball  as  shown.  The  various  radii  for 
the  patterns  are  then  obtained  by  drawing  lines  through  Gh^hc^ 
and  c  A.   Thus  0  h  extended  meets  the  center  line  E  D  at  ^,  which 
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is  the  center  for  striking  the  blank  for  number  3,  using  the  radii 
e  h  and  e  C.  In  similar  manner  draw  a  line  from  h  to  c^  extending 
it  until  it  meets  E  D  at  (/.  Then  d  c  and  d  b  will  be  the  radii  for 
blank  nimibcr  2,  while  Ac  is  the  radius  for  blank  1  shown  at  S. 
The  lengths  of  the  pattern  pieces  are  determined  in  the  same 
manner  as  would  be  the  case  with  an  ordinary  flaring  pan  in 
producing    the    patterns  for    tin  ware,    and  will  be    explained 


PLAN 


Fig.  17. 


thoroughly    in    the    Practical  Workshop  Problems    which    will 
shortly  follow. 

In  Fig.  17  is  shown  another  elevation  of  a  sphere  composed  of 
twelve  vertical  sections  as  shown  in  plan  view.  While  the  method 
used  for  obtaining  the  pattern  is  by  means  of  parallel  linos,  and 
would  be  strictly  accurate  if  the  sections  in  plan  remained  straight 
as  from  4  to  4,  the  pattern  becomes  approximate  as  soon  as  we  start 
to  raise  it  by  means  of  machine  or  hammer  to  conform  to  the  profile 
B  in  elevation,  because  the  distance  along  the  curve  a  from  4'  to  4' 
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in  plan  is  greater  than  a  straight  distance  from  4  to  4.  The  pattern 
by  this  method  is  obtained  as  follows :  Let  B  represent  the  elevation 
of  the  sphere,  and  A  the  plan  of  the  same,  which  is  divided  into  as 
many  sides  as  the  sphere  is  to  have  vertical  sections,  in  this  case 
12,  being  careful  that  the  two  opposite  sides  4-4  and  4'  4'  in  plan 
nm  parallel  to  the  center  line  as  shown.    Make  the  diameter  of  the 

,p  sphere  4-4 '  3  inches. 

Divide  the  half  ele- 
vation into  an  eqnal 
number  of  spaces  as 
shown  from  1  to  4  to 
1,  and  from  these 
points  drop  lines  at 
right  angles  to  4-4^ 
intersecting  the  mi- 
*  ter  lines  1-4  in  plan 
as  shown.  Now  draw 
any  horizontal  line, 
as  1 '  -1 ',  upon  which 
place  the  stretchout 
of  1-4-1  in  elevation 
as  shown  by  l'-4'- 
1'  onthelinel'-l' 
C^  inC.  Through  these 
points  draw  lines  at 
right  angles  to  1'- 
1',  which  intersect 
by  lines  drawn  from 
similarly  numbered 
intersections  on  the 
Fig.  18.  miter  lines   1-4   in 

plan,  at  right  angles  to  4-4.  A  line  traced  through  points  thus 
obtained  as  shown  by  C  will  be  the  desired  pattern. 

In  Fig.  18  is  shown  the  principle  used  in  obtaining  the  radii 
with  which  to  develop  the  blank  for  a  curved  or  circular  mould 
when  it  is  to  be  hammered  by  hand.  In  this  connection,  only  the 
principle  employed  will  be  shown,  leaving  the  full  development  and 
also  the  development  for  patterns  which  are  to  be  raised  by  hand 
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and  hammered  by  machine,  to  be  explained  in  problems  which  will 
follow  in  Practical  Workshop  Problems.  Draw  this  problem  double 
the  size  shown.  First  draw  the  elevation  A  B  C  D,  and  through 
the  elevation  draw  the  center  line  F  G.  Then  using  G  as  a  center, 
draw  the  circles  A^  B^  and  C^  D^  representing  respectively  the 
horizontal  projections  of  A  B  and  C  D  in  elevation.  Now  draw  a 
line  from  A  to  E  in  elevation,  connecting  the  comers  of  the  cove 
as  shown.  Bisect  A  E  and  obtain  the  point  H,  from  which  at  right 
angles  to  A  E  draw  a  line  intersecting  the  cove  at  J.  Through  J 
parallel  to  A  E  draw  a  line  intersecting  the  center  line  F  G  at  M. 
Take  the  stretchout  from  J  to  A  and  from  J  to  E  and  place  it  on 
the  line  J  M  as  shown  respectively  from  J  to  L  and  from  J  to  K. 
Then  will  M  L  and  M  K  be  the  radii  with  which  to  strike  the 
pattern  or  blank  for  the  cove.  From  J  drop  a  vertical  line  intersect- 
ing the  line  Ifi  G  in  plan  at  N.  Then  with  G  as  center  strike  the 
quarter  circle  N  O.  Now  using  M  as  center  and  M  J  as  radius, 
strike  the  arc  J  P.  Then  on  this  arc,  starting  from  J,  lay  ofif  4  times 
the  stretchout  of  N  O  in  plan  for  the  full  pattern.  It  should  be 
understood  that  when  stretching  the  cove  A  E,  the  point  J  remains 
stationary  and  the  metal  from  J  to  L  and  from  J  to  K  is  hammered 
respectively  toward  J  A  and  J  E.  For  this  reason  is  the  stretchout 
obtained  from  the  ix)int  J. 

PRACTICAL  WORKSHOP   PROBLEMS. 

In  presenting  the  32  x^roblems  which  follow  on  sheet-metal 
work,  practical  problems  have  been  selected  such  as  would  arise  in 
e very-day  shop  practice. 

In  this  connection  we  wish  to  im- 
press uix)n  the  studcmt  the  necessity  of 
working  out  each  and  every  one  of  the 
32  problems.  Models  should  be  made 
from  stiff  cardboard,  or,  if  agreeable  to 
the  x^roprietor  of  the  shop,  the  patterns 
can  be  developed  at  home,  th(»n  cut  out 
of  scrap  metal  in  the  shop  during 
lunch   hour,  and  proven   in   this  way. 

Our  first  problem  is  shown  in  Fig.  19,  and  is  known  as  a  sink 
drainer.     It  is  often  the  case  that  the  trap  under  the  kitchen  sink 


Fig.  19. 
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18  choked  or  blocked,  owing  to  a  collection  of  refuse  matter.  To 
avoid  this  a  sink  drainer  is  used,  and  is  fastened  in  position  through 
the  wire  loops  a,  h  and  c.  The  refuse  matter  is  poured  into  the 
drainer,  from  which  it  is  easily  removed  after  the  fluid  has  passed 
through  the  perforations.  These  drainers  may  be  made  of  tin  or  of 
black  or  galvanized  iron,  but  where  a  good  job  is  wanted  16-ounce 
copper  should  be  used.    To  obtain  the  pattern  for  any  sized  drainer, 

F, ,E   proceed  as  follows:     First  draw  the 

plan  of  the  drainer  A  B  C  in  Fig.  20, 
making  A  B  and  B  C  each  two  inches 
and  forming  a  right  angle.  Then 
using  B  as  center  and  A  B  as  radius, 
draw  the  arc  A  C.  In  its  proper  posi- 
tion above  the  plan  construct  the  side 
elevation,  making  E  D  2  inches  high, 
and  draw  the  line  F  D.  Then  will 
F  E  D  be  the  side  elevation.  Divide 
the  arc  A  C  into  equal  spaces  as  shown 
by  the  small  figures  1  to  5.  For  the 
pattern  use  F  D  as  radius,  and  with 
D  in  Fig.  21  as  center  strike  the  arc 
1  5.  From  1  draw  a  line  to  D  and 
step  oflf  on  1-5  the  same  nxunber  of 
spaces  as  contained  in  A  C  in  plan  in 
Fig.  20,  as  shown  by  similar  figures 
in  Fig.  21.  Draw  a  line  from  5  to  D. 
Then  will  1-5-D  be  the  pattern  for 
the  front  of  the  strainer,  in  which  per- 
forations should  be  pimched  as  shown. 
Fig.  20.  To  join   the  sides  of    this   pattern, 

use  1  and  5  as  centers,  and  with  either  F  E  or  A  B  in  Fig.  20  as 
radius,  describe  th(}  arcs  E  and  E^  in  Fig.  21.  Now  using  D  as 
center  and  D  E  in  Fig.  20  as  radius,  intersect  the  arcs  E  and  E^  as 
shown  in  Fig.  21.  Draw  lines  from  1  to  E^  to  D  to  E  to  5,  which 
completes  the  imttem,  to  which  edges  must  be  allowed  for  wiring 
at  the  top  and  seaming  at  the  back. 

When  joining  a  faucet  or  stop  cock  to  a  sheet-metal  tank  it  is 
usual  to  strengthen  the  joint  by  means  of  a  conical  ''boss,''  which 
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is  indicated  by  A  in  Fig.  22.  In  this  problem  the  (X>ne  method  is 
emplc^ed,  nsing  principles  Bimil&r  to  those  osed  in  developing  a 
frostnm  of  a  cone  intersected  by  any  line.    Therefore  in  Fig.  23  let 


A  6  represent  the  part  plan  of  the  tank,  C  portion  of  the  fancet 
extending  back  to  the  tank  line,  and  F  G  H  I  the  conical  "boea" 
to  fit  around  a  faucet.  When 
drawing  this  problem  make  tho 
radius  of  the  tank  D  A  equal 
to  3^  inches,  and  from  D  draw 
the  verticiil  line  1)  E.  Make 
the  distance  from  (i  to  H  i-qiuil 
to  2|  inches,  the  diameter  of  the 
faucet  F  I  IJ  inches  and  the 
vertical  height  K  C  IJ  inches 
Draw  a  line  from  G  to  H  inter- 
secting the  center  line  D  E  at  K. 
Then  nsing  K  aa  center  describe 
the  half  section  G  J  H  as 
shown.  Divide  J  H  into  equal 
parts  shown  from  1  to  4,  from  ^' 

which  drop  vertical  lines  intersecting  the  line  G  H  as  shown, 
from  which  draw  radial  lines  to  the  apex  E  cutting  the  plan  line 
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of  the  tank  A  B  as  shown.  From  these  intersections  draw  hori- 
zontal lines  intersecting  the  side  of  the  cone  H I  at  1, 2 ' ,  3 ' ,  and  4 ' . 
Now  nse  E  as  center,  and  with  radius  equal  to  E  1  describe  the 


arc  1°-1*  as  shown.    Draw  a  line  from  1**  to  E,  and  starting  from 
1°  set  off  on  1°-1*  four  times  the  nimiber  of  spaces  contained  in 
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J  H  in  plan,  as  shown  by  cimilar  nombers  on  1°  1*.  Draw  a  line 
trom  1'  to  E,  and  with  E  I  as  radius  describe  the  arc  N  L  inter- 
secting the  radial  lines  1°  E  and  1'  E  at  N  and  L  respectively. 
From  the  various  numbers  on  the  arc  1°  1'  draw  radial  lines  to 
the  apes  E;  and  using  E  as  center  and  n-ith  radii  eqoal  to  E  4', 
E  3',  and  E  2',  draw  arcs  intersecting  Biniilarly  numbered  radial 
lines  as  shown.  Trace  a  line  through  points  thus  obtained;  then 
will  N  1°  1  1*  L  be  the  pattern  for  the  "bosB." 

In  Fig.  24  is  shown  what  ia  known  as  a  hip  bath.  In  drawing 
out  the  problem  for  practice  the  student  should  remember  that  it  is 
similai  to  the  prectnling  one,  the  only  difference  being  in  theoutline 
of  the  cone.  Make  the  top  of  the  cone  I  B  in  Fig.  25  equal  to  3^ 
inches,  the  bottom  C  D  1|  inches,  the  rertical  height  from  K  to  5' 
2|  inches,  the  diameter  of  the  foot  E  F  2^  inches,  and  the  vertical 
height  5'-5'  ^-inch.  Through  the  center  of  the  cone  draw  the 
center  line  E  L,  Eind  at  pleasure 
draw  the  outline  of  the  bath  as 
shown  by  A  J  B.  It  is  imma- 
terial of  what  outline  this  may  be, 
the  principles  that  follow  being 
applicable  fo  any  case.  Thus,  in 
the  side  elevation,  extend  the 
lines  B  C  and  A  D  until  they 
intersect  the  center  line  at  L,  In 
Bimilar  manner  extend  the  sides 


Fig.  24. 

of  the   foot  iiicce  E  D  and  F  C  until  they  intersect   the    center 

line  at  K.    Now  with  5'  ns  center  and  with  radius  equal  to  5'  D 

or  5'  C,  descrilK.'  the  half  section  C  H  D,  which  divide  into  equal 

Biwces  as  shown  by  the  small  figures  1  to  9.     From  the  points  of 

division  erect  vertical  lines  meeting  the  base  line  of  the  bath  D  C 

at  iKtintH  1,  2',  3',  etc.,  to  9.     From  the  apex  L  and  through  these 

points  draw  radial  lines  intersecting  the  outline  B  J  A,  from  which 

horizontal  lines  are  drawn  intersecting  the  side  of  the  bath  B  C 

as  shown  from  1  to  9.    For  the  pattern  for  the  body  use  L  as  center, 

d  with  L  C  as  radius  draw  the  arc  P  L'.     Now  starting  at  any 

as  1,  set  off  on  F  L'  twice  the  stretchout  of  D  H  C  as  shown 

ilar  nnmberB  on  the  arc  F  L'.    From  the  apex  L  and  through 

JUtll   figures    draw    radial    lines,    which   intersect   by  arcs 
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struck  from  L  as  center  with  radii  equal  to  eimilarly  numbered 
intersections  on  E  C  Trace  a  line  throogh  points  thus  obtained, 
and  L'  M  N  P  F  will  be  the  pattern  for  tho  body  of  the  bath, 
to  which  laps  ehonld  be  added  at  the  bottom  and  sides  for  seaming. 


Fig.«L 


The  pattern  for  the  foot  is  obtained  by  using  as  radii  R  D  and 
R  E,  and  striking  the  pattern  using  W  as  center,  the  half  pattern 
being  shown  by  E^  T  E»  I>  D».  and  the  distance  D»  D»  being  equal 
to  the  stretehout  of  the  half  section  D  H  G  in  side  eleTadai. 
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It  is  nsnal  to  put  a  bead  along  the  edges  of  the  top  of  a  bath  as 
shown  at  a  and  b  in  Fig.  24.  For  this  purpose  tubing  is  sometimes 
used,  made  of  brass,  zinc,  or  copper  and  bent  to  the  required  shape; 
or  zinc  tubes  may  be  rolled  and  soldered  by  hand,  filled  with 
heated  white  sand  or  hot  rosin,  and  bent  as  needed.  The  tube  or 
bead  can  be  soldered  to  the  body  as  shown  in  (A)  in  Fig.  25.  Here 
a  represents  the  bead,  in  which  a  slot  is  cut  as  c^  and  which  is  then 
slipped  over  the  edge  of  the  bath  and  soldered.  Another  method 
is  shown  in  (B),  in  which  the  bath  body  h  is  flanged  over  the  bead 
a  and  soldered  clean  and  smooth  at  c^  being  then  scraped  and 
sandpapered  to  make  a  smooth  joint.  A  wired  edge  is  shown  at  o 
in  Fig.  24,  for  which  laps  must  be  allowed  as  shown  in  Fig.  25  on 
the  half  pattern  for  foot. 

In  Fig.  26  is  shown  the  perspective  view  of  a  bath  tub;  these 
tubs  are  usually  made  from  IX  tin  or  No.  24  galvanized  iron.  The 
bottom  and  side  seams  are  locked  and  thoroughly  soldered,  while 

the  top  edge  is  wired  with  handles 
riveted  in  position  as  shown 
at  A.  The  method  used  in  de- 
veloping these  patterns  will  be 
the  cone  method  and  triangula- 
Pig.  26.  tioi^-     I^  drawing  this  problem 

for  practice  (Fig.  27),  first  draw  the  center  line  W  8  in  plan ;  and  using 
a  as  center  with  a  radius  equal  to  1|  inches  draw  the  semicircle 
C-12  D.  Now  make  the  distance  e»  to  J  4  inches;  and  using  h  as 
center  with  a  radius  of  1|  inches  draw  the  semicircle  E-7-H. 
Draw  lines  from  E  to  D  and  from  C  to  H.  D  E  7  H  C  12  D  will 
be  the  plan  of  the  bottom  of  the  bath.  In  this  case  we  assume 
that  the  flare  between  the  top  and  bottom  of  the  narrow  end  of  the 
bath  should  be  equal;  therefore  using  a  as  center  and  with  a  radius 
equal  to  1|  inches  draw  the  semicircle  A  W  B.  At  the  upper  end 
of  the  bath  the  flare  will  be  miequal;  therefore  from  h  measure  a 
distance  on  line  W  8  of  1  inch  and  obtain  c,  which  use  as  center, 
and  with  a  radius  equal  to  2  inches  describe  the  arc  F  8  G.  Draw 
lines  from  F  to  A  and  from  B  to  G;  and  A  F  8  G  B  W  A  will  be 
the  plan  of  the  top  of  the  bath.  Now  project  the  side  elevation 
from  the  plan  as  shown  by  the  dotted  lines,  making  the  slant 
height  from  I  to  R  2J  inches  and  from  J  to  K  3J  inches;  draw  a  line 
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from  K  to  R,  and  J  K  R I  will  be  the  Bide  elevation  of  the  bath  tub. 
In  constructing  the  bath  in  practice,  seams  are  located  atHG,FE, 


PATTERN 
FOR  A-&00 
M     PI_AN 


Pig.  27. 
A  D,  aiid  C  B  in  plan,  thus  making  the  tub  in  four  pieces 
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The  lower  end  of  the  bath  will  be  developed  by  the  oone 
method  as  in  the  last  two  problems.  From  thfe  center  a  drop  a  line 
indefinitely  as  shown.  Extend  the  side  R  I  of  the  side  elevation 
until  it  meets  the  center  line  a  d  Bi  d.  Now  divide  the  quarter 
circle  12-9  in  plan  into  equal  spaces  as  shown  by  the  small  figures 
9,  10,  11,  and  12,  from  which  drop  vertical  lines  (not  shown) 
intersecting  the  bottom  of  the  bath  tub  in  elevation  from  9'  to  12'. 
Then  through  these  points  from  d  draw  lines  intersecting  the  top 
line  of  the  bath  R  K  as  shown,  from  which  draw  horizontal  lines 
intersecting  the  side  I-R  extended  as  I  X  at  points  9'  to  12". 
Then  using  d  as  center  and  (/ 1  as  radius,  describe  the  arc  I  M, 
upon  which  place  the  stretchout  of  D  12  C  in  plan,  as  shown 
by  similarly  numbered  points  on  L  M.  Through  these  points  from 
d  draw  radial  lines,  which  intersect  by  arcs  drawn  from  similarly 
numbered  intersections  on  I  R  extended,  using  .^  as  center.  Trace 
a  line  as  shown,  and  L  M  N  P  will  be  the  pattern  for  the  lower 
end  of  the  tub  A  B  C  D  in  plan.  Laps  should  be  allowed  for 
wiring  and  seaming. 

As  the  patterns  for  the  upper  end  and  sides  will  be  developed 
by  triangulation,  diagrams  of  triangles  must  first  be  obtained,  for 
which  proceed  as  follows:  Divide  both  of  the  quarter  circles  H  7 
and  G  8  in  plan  into  the  same  number  of  spaces  as  shown  respec- 
tively from  1  to  7  and  from  2  to  8.  Connect  these  numbers  by 
dotted  lines  as  shown  from  1  to  2,  2  to  3,  3  to  4,  etc.  From  the 
various  points  2,  4,  6,  and  8  representing  the  top  of  the  bath,  drop 
lines  meeting  the  base  line  3  f  in  elevation  at  2^,  4*,  6^,  and  8*, 
and  cutting  the  top  line  of  the  bath  at  2',  4',  6',  and  8'.  Then 
will  the  dotted  lines  in  plan  represent  the  bases  of  the  triangles, 
which  will  be  constructed,  whose  altitudes  are  equal  to  the  various 
heights  in  elevation.  Take  the  various  distances  1  to  2,  2  to  3, 
3  to  4, 4  to  5,  etc.,  in  i)lan  up  to  8,  and  place  them  on  the  vertical 
line  V-^'  in  (B)  as  shown  from  1'  to  2%  2'  to  3%  3'  to  4',  4'  to  5', 
etc.,  up  to  8".  For  example,  to  obtain  the  true  length  of  the  line 
6-7  in  plan,  remembering  that  the  points  having  even  numbers 
represent  the  top  line  of  the  bath  and  those  having  uneven 
numbers  the  base  line,  draw  at  right  angles  to  l'-8'  in  (B),  from 
6',  a  line  equal  in  height  to  6^6'  in  elevation,  and  draw  a  line 
from  6^  t^^  7*  in  (B),  which  is  the  length  desired.    For  the  true 
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length  of  6-5  in  plan  it  is  necessary  only  to  take  this  distance 
place  it  from  6"  to  5'  in  (B)  and  draw  a  line  from  6^  to  5'.  In  this 
way  each  altitude  answers  for  two  triangles.  In  plan  draw  a  line 
from  1  to  0.  Then  will  two  more  triangles  be  necessary,  one  on  the 
line  1-0,  and  the  other  on  B  G  or  0-2.  From  2'  in  elevation  draw 
a  horizontal  line,  as  2'  ^,  intersecting  the  vertical  line  dropped 
from  0  at  ^.  Now  take  the  distances  0  1  and  0  2,  and  place  them 
in  (A)  as  shown  by  the  horizontal  lines  O'-l '  and  0^2*  respectively. 
At  right  angles  to  both  linies  at  either  end  draw  the  vertical  lines 
O'-O'"  and  &^^'  equal  in  height  respectively  to.C^O'  and  eO' 
in  elevation.  Draw  in  (A)  lines  from  2*  to  0^  and  from  1'  to  0'", 
which  are  the  desired  lengths.  Before  proceeding  with  the  x)attem, 
a  true  section  must  be  obtained  on  2 '-8'  in  side  elevation.  Take 
the  various  distances  2'  to  8'  and  place  them  on  the  line  2 '-8'  in 
Fig.  28.  At  right  angles  to  2 '-8' 
and  through  the  small  figures  draw 
lines  as  shown.  Now  measuring  in 
each  and  every  instance  from  the 
center  line  in  plan  in  Fig.  27,  take  the 
various  distances  to  points  2,  4,  and  2" 
6  and  place  them  on  similarly  num-  Fig.  28. 

bered  lines  in  Fig.  28,  measuring  in  each  case  on  either  side  of  the 
line  2 '-8',  thus  obtaining  the  intersections  2-4-6.  A  line  traced 
through  these  points  will  be  the  true  section  on  2 '-8'  in  elevation 
in  Fig.  27. 

For  the  pattern  for  the  upper  end  of  the  tub  proceed  as  follows: 
Take  the  distance  of  7 '-8^  in  (B)  and  place  it  on  the  vertical  line 
7-8  in  Fig.  29.  Then  using  8  as  center  and  with  a  radius  equal 
to  8 '-6  in  Fig.  28,  describe  the  arc  6  in  Fig.  29,  which  intersect  by 
an  arc  struck  from  7  as  center  and  with  7 '-6^  in  (B)  in  Fig.  27 
as  radius.  Then  using  7-5  in  plan  as  radius,  and  7  in  Fig.  29  as 
center,  describe  the  arc  5,  which  intersect  by  an  arc  struck  from  6 
as  center  and  with  6^-5'  in  (B)  in  Fig.  27  as  radius.  Proceed  in 
this  manner,  using  alternately  as  radii  first  the  divisions  in  Fig.  28, 
then  the  length  of  the  slant  lines  in  (B)  in  Fig.  27,  the  divisions 
on  7  H  in  plan,  then  again  the  slant  lines  in  B,  until  the  line  1-2 
in  Fig.  29  is  obtained.  Trace  a  line  through  points  thus  obtained, 
as  shown  by  2-8-7-1.    Trace  this  opposite  the  line  8-7,  as  shown 
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by  2'  V.     Then  wiU  2-8-2'-l'-7-l  be  the  desired  pattern,  to 
which  laps  must  be  allowed. 

For  the  pattern  for  the  side  of  the  bath  draw  any  line  9-1  in 
Fig.  30  equal  to  9-1  in  plan  in  Fig.  27.    Now  with  a  radius  equal 


Fig.  2a 

to  9-P  in  the  pattern  X  and  with  9  in  Fig.  30  as  a  center,  describe 
the  arc  0,  which  intersect  by  an  arc  struck  from  1  as  center  and 
with  I'-O'"  in  (A)  in  Fig.  27  as  radius.  Now  taking  a  radius  equal 
to  0^-2*  in  (A)  with  0  in  Fig.  30  as  center,  describe  the  arc  2,  which 

intersect  by  an  arc 
struck  from  1  as  center, 
and  with  1-2  in  Fig.  29 
as  radius.  Draw  lines 
from  comer  to  comer  in 
Fig.  30,  which  gives 
the  desired  pattern,  to 
which    laps    are  added 

Ql /■  * 

Pig.  30.  for  seaming  and  wiring. 

In  Fig.  31  is  shown  a  perspective  view  of  a  funnel  strainer 
pail.  These  pails  are  usually  made  from  IX  bright  tin,  and  the 
same  principles  as  are  used  in  the  development  of  the  pattern  are 
applicable  to  similar  forms,  such  as  buckets,  coal  hods,  chutes,  etc. 
This  problem  presents  an  interesting  study  in  triangulation,  the 
principles  of  which  have  been  explained  in  previous  problems. 
First  draw  the  center  line  O  I  in  Fig.  32,  at  right  angles  to  which 
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draw  H  E  and  H  F  each  equal  to  1^  inches.  Make  the  vertical 
height  H  C  34  inches  and  C  D  2  inches.  Now  make  the  vertical 
heights  measuring  from  C  G,  to  A,  and  to  B  respectively  1^ 
inches,  and  1^  inches.  Make  the  horizontal  distance  from  C  to  Q- 
2|  inches,  the  diameter  from  G  to  A  1|  inches,  and  from  A  to  B 
|-inch,  and  draw  a  line  from  B  to  C.  Connect  points  by  lines; 
then  will  ABCDEPGbe  the  side  elevation  of  the  pail.  In  its 
proper  position  below  P  E,  with  J  as  center,  draw  the  plan  K  L  M  N. 
Also  in  its  proper  position  draw  the  section  on  AGasOPRS. 
Now  draw  the  rear  elevation  making  G^  U  and  G^  V  each  equal  to 
H  E,  and  1"  T  and  I'-l'  each  equal  to  C  D.  Project  a  line  from 
B  in  side,  intersecting  the  center  line  in  rear  at  4'.  Then  through 
the  three  points  1'  4'  T  draw  the  curve  at  pleasure,  which  in  this 
case  is  struck  from  the  center  a.  W  Y  X  Z  represents  the  opening 
on  G  A  in  side  obtained  as  shown  by  the  dotted  lines  but  having 
no  bearing  on  the  patterns.  Pails 
of  this  kind  are  usually  made 
from  two  pieces,  with  seams  at 
the  sides,  as  in  Fig.  31.  The 
pattern  then  for  the  back  shown 
by  C  D  E  H  in  side  elevation  in 
Fig.  32  will  be  obtained  by  the 
cone  method,  struck  from  the 
center  I,  the  stretchout  on  E^  E^ 
in  the  pattern  being  obtained 
from  the  half  plan.  The  pattern 
f or  C  D  E  H  is  shown  with  lap  Fig.  31. 

and  wire  allowances  by  D^  D^  E^  E^  and  needs  no  further  explanation. 
The  front  part  of  the  pail  shown  by  A  B  C  H  F  G  will  be 
developed  by  triangulation,  but  before  this  can  be  done  a  true 
section  must  be  obtained  on  B  C,  and  a  set  of  sections  developed 
as  follows:  Divide  one-half  of  1'  4'  T  in  rear  elevation  into  equal 
parts  as  shown  from  V  to  4',  from  which  draw  horizontal  lines 
intersecting  the  line  B  C  as  shown.  From  these  intersections 
lines  are  drawn  at  right  angles  to  B  C  equal  in  length  to  similarly 
numbered  lines  in  rear  as  3'-3',  2'-2',  and  I'-l*.  Trace  a  line 
as  shown,  so  that  C  \"  2'"  3'"  4'"  will  be  the  true  half  sectian 
on  B  C.    To  avoid  a  confusion  of  lines  take  a  tracing  of  A  B  0  H  F  Q- 
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and  place  it  as  shown  by  similar  letters  in  Fig.  33.  Now  take 
tracings  of  the  half  sections  in  Fig.  32,  as  H  E  D  C,  C  1'"  B, 
P  O  S,  tind  the  quarter  plan  N  J  M,  and  place  them  in  F^.  33  on 
similar  lines  on  which  they  represent  sections  as  shown  respectively 
by  H  9'  8'  C,  C  8  B,  A  3  G,  and  F  9  H.    Divide  the  half  section 


A  3  G  into  6  eqnal  parts  as  shown  by  the  small  figures  1  to  5. 
As  this  half  section  is  divided  into  6  parts,  then  must  each  of  the 
sections  B  8  C  and  F  9  H  be  divided  into  3  parts  as  shown  respec- 
tively from  6  to  8  and  9  to  11.  As  C  8'  and  H9'  are  eqnal 
respectively  to  C  8  and  H  9  they  are  numbered  the  same  as  shown. 
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Now  at  right  angles  to  G  A,  B  C,  C  H,  and  H  F,  and  from  the 
various  intersections  contained  in  the  sections  G  3  A,  B  8  C, 
C  8'  9'  H,  and  H  9  F,  draw  lines  intersecting  the  base  lines  of  the 
sections  G  A,  B  C,  C  H,  and  H  F  at  points  shown  from  1 '  to  H'. 
Now  draw  dotted  lines  from  B  to  5'  to  6'  to  4'  to  7'  to  E  to  C, 
and  then  from  H  to  E  to  10'  to  2',  etc     until  all  the  points  are 


Pig.  33. 

connected  as  shown.  These  dotted  linos  represent  the  bases  of  the 
sections  whose  altitudes  are  eqnal  to  similar  numbers  in  the  various 
sections. 

In  order  that  the  student  may  thoronghly  understand  this 
method  of  triangnlation  as  well  as  similar  methods  that  will  follow 
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in  other  problems,  the  model  in  Fig,  34  has  been  prepared,  which 
shows  a  perspective  of  Fig.  33  with  the  sections  bent  np  in  their 
proper  positions.  This  view  is  taken  on  the  arrow  line  in  Fig.  33, 
the  letters  and  fignres  in  both  views  being  similar.  For  the  tme 
sections  on  the  dotted  lines  in  C  E  A  B  in  Fig.  33,  take  the  lengths 
of  the  dotted  lines  C  E,  E  7',  7'  4',  etc.,  and  place  them  on  the 
horizontal  line  in  Fig.  35  as  shown  by  similar  letters  and  fignres. 
From  these  small  fignres,  at  right  aisles  to  the  horizontal  line, 
erect  the  vertical  heights  C  8,  E  3,  7'  7,  etc.,  equal  to  similar 


Fig- 31. 


vertical  heights  in  the  sections  in  Fig.  33.  Connect  these  points 
in  Fig.  35  by  dotted  lines  as  shown,  which  are  the  desired  true 
distances. 

In  Fig.  36  are  shown  the  true  sections  on  dotted  lines  in 
G  E  H  F  in  Fig.  33,  which  are  obtained  in  precisely  the  same 
manner,  the  only  difference  being  that  one  section  is  placed  inside 
of  another  in  Fig.  36.  For  the  pattern  proceed  as  is  shown  in 
Fig.  37.  Draw  any  vertical  line  as  G  P  equal  to  G  F  in  Fig.  33. 
With  radius  equal  to  G  1  and  with  G  in  Fig.  37  as  center  describe 
the  arc  I,  which  intersect  by  an  arc  struck  from  F  as  center  and 
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with  a  radius  equal  to  F  1  in  Fig.  36.  Now  with  F 11  in  Fig.  33  as 
radius  and  F  in  Fig.  37  as  center,  describe  the  arc  11,  which  is 
intersected  by  an  arc  struck  from  1  as  center  and  with  1-11  in 
Fig  36  as  radius.  Proceed  in  this  manner  until  the  line  3-9 
in  Fig.  37  has  been  obtained.  Then  using  8 '-9'  in  Fig.  33  as 
radius  and  9  in  Fig.  37  as  center,  describe  the  arc  8,  which  is 
intersected  by  an  arc  struck  from  3  as  center  and  with  3-8  in  Fig. 

6 


^A-^-- 
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Fig.  35. 


35  as  radius.  Now  use  alternately  as  radii,  first  the  divisions  in 
B  8  C  in  Fig.  33,  then  the  length  of  the  slant  lines  in  Fig.  35, 
the  divisions  in  E  3  A  in  Fig.  33,  and  again  the  distances  in 
Fig.  35,  until  the  line  B  A  in  Fig.  37  has  been  obtained,  which  is 
obtained  from  B-A  in  Fig.  33.  Trace  a  line  through  points  thus 
obtained  in  Fig.  37  as  shown  by  A  B  8  9  F  G  A.  Trace  this 
half  pattern  opposite  the  line  G  F.     Then  will  B  A  G  A^  B^  8* 


II 


c 


E2»r 
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10 


9 


9*  F  9  8  be  the  pattern  for  the  front  half  of  the  pail.  If  for 
any  reason  the  pattern  is  desired  in  one  piece,  then  trace  one- 
half  of  D^  D«  E«  E*  in  Fig.  32  on  either  side  of  the  pattern  in 
Fig.  37  as  shown  by  the  dotted  lines  8'  D^  E»  9*  and  9  E  D  8. 
Allow  edges  for  wiring  and  seaming. 

Fig   38  shows  the  method  for  obtaining  the  pattern  for  an 
Emerson  ventilator  shown  in  Fig.  39, 
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While  the  regular  Emerson  ventilator  has  a  flat  disc  for  a 
hood  it  is  improved  by  placing  a  cone  and  deflector  on  the  top 
as  shown.  To  make  the  patterns,  proceed  as  shown  in  Fig.  38. 
First  draw  the  center  line  a  5,  on  either   side   of   which  lay  off 
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IJ  inches,  making  the  pipe  A,  3  inches  in  diameter.  The  mle 
usually  employed  is  to  make  the  diameter  of  the  lover  flare  and 
upper  hood  twice  the  diameter  of  the  pipe.  Therefore  make  the 
diameter  o(  s  d  G  inches.  From  a  and 
d,  draw  a  line  at  an  angle  of  45°  to  inter- 
sect the  line  of  the  pipe  at  t  and  i;  this 
completes  B.  Measure  2  inches  above 
the  line  t  i  and  make  u  m  the  same 
diameter  as  a  d.  Draw  the  bevel  of  the 
deflector  so  that  the  apex  will  be  \  inch 
above  the  line  t  i  and  make  the  apex 
of  the  hood  the  same  distance  above  m  m 
as  the  lower  apex  is  below  it.  Then  draw 
lines  as  shown  which  complete  C  and  D.  Pis-  39- 

Kow  with  c  aa  a  center  and  radii  equal  to  c  «  and  c  d  draw  the 
(liiarter  circles  ef  and  d  k  respectively,  whiclj  represent  the  one- 
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Fig.  38.  Fig.  4a 

quarter  pattern  for  the  horizontal  ring  closing  the  bottom  of  the 
lower  flare.  For  the  pattern  for  the  hood,  use  I  aa  a,  center  and 
Z  m  as  a  radius.     Now  draw  the  arc  m  m' .    Take  the  stretchout 
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of  the  quarter  circle  1  to  6  on  rf  A,  and  place  twice  this  amount 
on  m  m^  as  shown  from  1-0-1.  Draw  a  line  from  1  to  Z.  Then 
m'  6  m  Z,  will  be  the  half  pattern  for  the  hood.  As  the  deflector 
has  the  same  bevel  as  the  hood,  the  hood  pattern  will  also  answer 
for  the  deflector. 

When  seaming  the  hood  and  deflector  together  as  shown  at 
n,  the  hood  o  is  double-seamed  to  the  deflector  at  r,  which  allows 
the  water  to  pass  over;  for  this  reason  allow  a  double  edge  on 
the  pattern  for  the  hood  as  shown,  while  on  the  deflector  but  a 
single  edge  is  required.    Edges  should  also  be  allowed  one  d  hf. 

For  the  pattern  for  the  lower  flare,  extend  the  line  d  i  until  it 
intersects  the  center  line  at^'.  Then  with  radii  equal  to^'  i  andj  d 
and  with  j  in  Fig.  40  as  center  describe  the  arcs  i  i'  BJiddd\ 
On  one  side  as  d  draw  a  line  toj.     Then  set  off  on  the  arc  d  d^ 
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twice  the  number  of  spaces  contained  in  rf  A  in  Fig.  38  as  shown 
in  Fig.  40.  Draw  a  line  from  d'  to  '  and  allow  edges  for  seaming. 
Then  dd'  i'  i  will  be  the  half  pattern  for  tlie  lower  flare. 

The  braces  or  supports,  E  and  F,  Fig.  38,  are  usually  made  of 
galvanized  band  iron  bolted  or  r'veted  to  hood  and  pipe.  The 
hood  D  must  be  water  tight,  or  the  water  will  leak  into  the  deflector, 
from  which  it  will  drip  from  the  apex  inside  the  building. 

Elbows.  There  is  no  ether  article  in  the  sheet-metal  worker's 
line,  of  which  there  are  more  made  in  practice  than  elbows.  On  this 
account  rules  will  be  given  for  constructing  the  rise  of  the  miter 
line  in  elbows  of  any  size  or  diameter,  also  for  elbows  whose 
sections  are  either  oval,  square  or  roimd,  including  tapering  elbows 
Before  taking  up  the  method  of  obtaining  the  patterns,  the  rule 
will  be  given  for  obtaining  the  rise  of  the  miter  line  for  any  size 
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or  number  of  pieces.  No  matter  how  many  pieces  an  elbow  has, 
they  join  together  and  form  an  angle  of  90°.  Thns  when  we  speak 
of  a  two-pieced,  three-pieced,  four,  five  or  six-pieced  elbow,  we 
understand  that  the  right-angled  elbow  is  made  up  of  that  number 
of  pieces.  Thus  in  Fig.  41  is  shown  a  two-pieced  elbow  placed  in 
the  quadrant  C  B,  which  equals  90°  and  makes  C  A  B  a  right 
angle.  From  A  draw  the  miter  line  A  a  at  an  angle  of  45 **  to  the 
base  line  A  B.  Then  parallel  to  A  B  and  A  C  and  tangent  to  the 
quadrant  at  C  and  B  draw  lines  to  intersect  the  miter  line,  as 
shown.  Knowing  the  diameter  of  the  pipe  as  C  D  or  E  B  draw 
lines  parallel  to  the  arms  of  the  pipe,  as  shown.  Then  C  B  E  D 
will  be  a  two-pieced  elbow,  whose  miter  line  is  an  angle  of  45°. 

In  a  similar  manner  draw  the  quadrant  B  C,  Fig.  42,  in  which 
it  is  desired  to  draw  a  three-pieced  elbow.    Now  follow  this  simple 
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rule,  which  is  applicable  for  any  number  of  pieces:  Let  the  top 
piece  of  the  elbow  represent  1,  also  the  lower  piece  1,  and  for  every 
piece  between  the  top  and  bottom  add  2.  Thus  in  a  three-pieced 
elbow: 

Top  piece  equals  1 

Bottom  piece  equals      1 

One  piece  between         2 

Total  equals     4 

Now  divide  the  quadrant  of  90°  by  4  which  leaves  22^°.  As 
one  piece  equals  22|°,  draw  the  lower  miter  line  A  a  at  that 
angle  to  the  base  line  A  B.  Then  as  the  middle  piece  represents 
two  by  the  above  rule  and  equals  45°,  add  45  to  22^  and  draw  the 
second  miter  line  A  J,  at  an  angle  of  67^°  to  the  base  line  A  B. 
Now  tangent  to  the  quadrant  at  C  and  B  draw  the  vertical  and 
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horizontal  lines  shown,  until  they  intersect  the  miter  lines,  from 

which  intersections  draw  the  middle  line,  which  will  be  tangent  to 

the  quadrant  at  F.    CD  and  B  E  show  the  diameters  of  the  pipe, 

which  are  drawn  parallel  to  the  lines  of  the  elbow  shown. 

Fig.  43  shows  a  four-pieced  elbow,  to  which  the  same  rule  is 

ai^ed.    Thus  the  top  and  bottom  piece  equals  2  and  the  two 

middle  pieces  eqtial  4;  total  6.     Now  divide  the  quadrant  of  90°  by 

90 
6.   — =  =  15.     Then  the  first  miter  line  A  a  will  equal  15°,  the 

second  A  h  45°,  the  third  A  c  75°,  and  the  vertical  line  A  C  90°. 

The  last  example  is  shown  in  Fig.  44,  which  shows  a  five- 
pieced  elbow,  in  which  the  top  and  bottom  pieces  equal  2,  the  3 

on 
middle  pieces  6;  total  8.    Divide  90  by  8.     -^  =  llj.       Theu  the 

first  miter  Hue  will  equal  11^°,  tho  second  33|°,  the  third  56^°,  and 
the  fourth  78|°.  By 
using  this  method  an 
elbow  having  any  num- 
ber of  pieces  may  be 
laid  out.  When  draw- 
ing these  miter  lines  it 
is  well  to  use  the  pro- 
tractor shown  ill  Fig.  43, 
which  illustrates  how  to 
lay  out  a  three-pieced 
elbow.  From  the  center 
point  A  of  the  protrac- 
tor draw  lines  through 
Fig.45.  22i'',aiuIG7J°.    Nowset 

off  A  a,  and  the  diameter  of  the  piije  ri  h.  Draw  vertical  lines 
from  a  and  h  to  the  mitfr  lino  at  c  and  (/.  Liiy  olf  similar  distances 
from  A  to  fl'  to  h'  and  draw  horizontal  lines  intersecting  the  67^° 
miter  line  at  c'  and  <!' .  Then  draw  the  lines '/ 1/'  and  (v'  to 
complete  the  elbow.  In  practice,  however,  it  is  not  necessary  to 
draw  out  the  entire  view  of  the  elbow;  all  that  is  required  is  the 
first  miter  line,  as  will  be  explained  in  the  following  problems. 
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EXERCISES  FOR  PRACTICE. 

1.     Make  the  diameter  of  tt^e  pipe  If  inches  and  the  distances 
from  A  to  E  1^  inches  in  Fige.  41  to  44  inclosive. 

To  obtain  the  pattern  for  any  elbow,  using  but  the  first  miter 


Fig.  46. 


line,  procec-d  as  follows:  In  Fig.  46  let  A  and  B  represent  respeot- 
ivu\y  a,  two-  and  three-pieced  elbow  for  which  patterns  are  desired. 
First  draw  a  section  of  the  elbow  as  shown  at  A  in  F%.  47  which 


t'lg. «. 

is  a  circle  3  inches  in  diameter;  divide  the  lower  half  into  equal 
spaces  and  number  the  points  of  division  1  to  7.  Now  follow  the 
rule  previously  given;    The  top  and  bottom  piece  equals  2;  then 
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for  a  two-pieoed  elbow  divide  90  by  2.  In  its  proper  position  below 
the  section  A  draw  B  C  D  E  making  E  D  45^.  From  the  various 
points  of  intersection  in  A  drop  vertical  lines  intersecting  E  D  as 
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shown.  In  line  with  B  C  draw  K  L  upon  which  place  twice  the 
number  of  spaces  contained  in  the  section  A  as  shown  by  similar 
figures  on  K  L;  from  these  points  drop  perpendiculars  to  intersect 
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with  lines  drawn  from  similar  intersections  on  E  D,  parallel  to  E  L. 
Trace  a  lino  through  points  shown;  then  K  L  O  NM  will  be 
the  pattern.    To  this  laps  must  be  allowed  for  seaming. 

Now  to  obtain  the  pattern  for  a  three-pieced  elbow,  follow  the 
rule.    Top  and  bottom  pieces  equal  2,  one  middle  piece  equals  2; 

90 
total  4.    — J  =  22J.     Therefore  in  line  with  the  section  A  below 

the  two-pieced  elbow  draw  F  G  J  H,  making  H  J  at  an  angle  of 
22^°  to  the  line  H  J.  Proceed  as  above  using  the  same  stretchout 
lines;  then  U  P  R  S  T  will  be  the  desired  pattern.  It  should  be 
understood  that  when  the  protractor  is  used  for  obtaining  the  angle 
as  shown  in  Fig.  45,  the  heights  a  c  and  h  d  measured  from  the 
horizontal  line  form  the  basis  for  obtaining  the  heights  of  the 
middle  pieces,  inasmuch  as  they  represent  one-half  the  distance; 
for  that  reason  the  middle  pieces  count  2  when  using  the  rule. 
Therefore,  the  distances  F  H  and  G  J  (Fig.  47),  represent  one-half 
of  the  center  piece  and  U  T  S  R  P  one-half  the  pattern  for  the 
center  piece  of  a  three-pieced  elbow. 

Fig.  48  shows  how  the  patterns  are  laid  into  one  another,  to 
prevent  waste  of  metal  when  cutting.  In  this  example  we  have  a 
three-pieced  elbow  whose  section  is  2  X  2  inches.  It  is  to  be  laid 
out  in  a  quadrant  whose  radius  is  5  inches.  Use  the  same 
principles  for  square  section  as  for  round;  number  the  comers  of 
the  section  1  to  4.  In  line  with  S  t  draw  D  E  upon  which  place 
the  stretchout  of  the  square  section  as  shown  by  similar  numbers 
on  D  E;  from  which  draw  horizontal  lines  which  intersect  lines 
drawn  parallel  to  D  E  from  the  intersections  V  2'  and  3'  4'  in  A 
in  elevation,  thus  obtaining  similar  points  in  the  pattern.  Then 
A^  will  be  the  pattern  for  A  in  elevation.  For  the  pattern  f <  r  B 
simply  take  the  distance  from  2'  to^'  and  place  it  on  the  line  4  4' 
extended  in  the  pattern  on  either  side  as  shown  by  4'  4'  on  both 
sides.  Now  reverse  the  cut  4'  2'  4'  and  obtain  4'  2'  4*.  By 
measurement  it  will  be  found  that  4'  4'  is  twice  the  length  of  2'  2 
as  explained  in  connection  with  Figs.  45  and  47.  Make  the  distance 
from  1'  to  a'  the  same  as  ^'  to  a  in  C  and  draw  the  vertical  line 
5'  ?y  intersecting  the  lines  44'  extended  on  both  sides.  Then  A  * ,  B  * , 
and  C^  will  bo  the  patterns  in  one  piece  minus  the  edges  for 
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seaming  which  must  be  allowed  between  these  cats;  this  would  of 
course  make  the  len^hs  b'  4',  4'  4'  and  4'  4  as  tnnch  longer  as 
the  laps  would  necessitate. 

This  method  of  cutting  elbows  in  one  piece,  from  one  square 
is  applicable  to  either  round,  oval  or  square  sections. 

In  Figs.  49  and  60  are  shown  three-pieced  elbows  snch  as  are 

a 
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oaed  in  furnace-pipe  work  and  are  usually  made  from  bright  tin. 
Note  the  difference  in  the  position  of  tlie  sections  of  the  two 
elbows.  In  Fig.  49  «  6  is  in  a  vertical  position,  while  in  Fig.  50  it 
is  in  a  horizontal  position.  In  obtaining  the  pittems  the  same 
rule  is  employed  as  in  pre- 
vious problems,  care  being 
taken  when  developing  the 
patterns  for  Fig.  49  that 
the  section  be  placed  as  in 
Fig.  51  at  A;  and  when 
developing  the  patterns  for 
I,  that  the  section  be 
as  shown  at  A  in 
Fig.  52. 

Pig-  51.  Fig.  b3  shows  a  taper- 

ing two-pieced  elbow,  round  in  section.  The  method  here  shown 
is  short  and  while  not  strictly  accurate,  gives  good  results. 
It  has  been  shown  in  previous  problems  on  Intersections  and 
Developments    that    an    oblique    section    through    the   opposite 
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sides  of  a  cone  is  a  trae  ellipse.  Bearing  this  in  mind  it  is 
evident  that  if  the  frustmn  of  the  cone  H  I  O  N,  Fig.  64,  were 
a  solid  and  cnt  obliquely  by  the  plane  J  K  and  the  several  parts 
placed  side  by  side,  both  would  present  true  ellipses  of  exactly  the 
same  size,  and  if  the  two  parts  were  placed  together  again  tiinung 
.  the  upper  piece  half-way  around  as  shown  by  J  W  M  K,  the  edges 
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of  the  two  pieces  from  J  to  K  would  exactly  coincide.  Taking 
advantage  of  this  fact,  it  is  necessary  oidy  to  iiscertain  the  angle  of 
the  line  J  K,  to  produce  the  required  angle,  between  the  two  pieces 
of  the  elbow,  both  of  which  have  an  equal  flare.  The  angle  of  the 
miter  line,  or  the  line  which  cuts  the  cone  in  two  parts,  must  be 
found  accurately  so  that  when  joined  together  an  elbow  will 
be  formed  having  the  desired 
angle  on  the  line  of  its  axis. 
Therefore  draw  any  vertical 
line  as  A  B.  With  C  as  a  center 
describe  the  plan  of  the  desired 
diameter  as  shown  by  E  D  F  B. 
At  right  angles  to  A  B  draw  the 
bottom  line  of  the  elbow  H  I 
equal  to  £  F,  or  in  this  case,  3 
inches.  Measuring  from  the  line  Fig.  53. 

H  I  on  the  tine  A  B  the  height  of  the  fmstnm  is  6  inches. 
Through  X'  draw  the  upper  diameter  O  N,  1}  inches.  Extend  the 
contour  lines  of  the  (mBtun  until  they  intersect  the  center  line 
at  L.  Divide  the  half  plan  E  D  F  into  a  nunber  of  equal  parta 
as  shown;  from  these  points  erect  lines  intersecting  the  base  line 
H  I  from  which  draw  lines  to  the  apex  L.  As  the  etbow  is  to  he 
in  two  pieces,  and  the  axis  at  right  angles,  draw  the  angle  TBS, 
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1}wrt  it  at  Uazui'ira.v  thelnk^K  V.  X:)  matttrw^as  t&e&ng^ctf 
tiu^  eSanw.  aie  tkis  iiif>tfaad.  Nov  i^rTttfifTrrfr  t&e  pant  J  at  *fMi» 
cflB^nuEsS  ponit  on  tbn  cm^.  ami  fmrt  J.  pvalM  to  B  V.  dimv  tbe 
Biter  line  TIT  frtt^T^wcfng  Ihi*  ta«?iaJ  Ifnf*  i^'T^mti  tfcwr«rh  tl^j^pf^- 
from  these  pomls  and  at  r^t  aa^s  to  tbe  ccnSfc  Hne  A  B  diav 
tme*  ttrtetseeting  t^  aide  of  thu  one  J  H  Eraci  1  to  7.    If  h  is 


PijT.  rA. 
desinxl  (o  know  how  tbe  side  of  the  tapering  elbow  would  look, 
tuke  u  tracing  of  N  O  K  J,  reverse  it  and  place  it  as  showii  by 
J  W  M  K. 

For  the  pattern  proceed  as  follows:     With  L  as  a  center  and 
L  H  as  u  radius  describe  the  arc  1  1.     Starting  from  1  set  off  on 
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this  arc  twice  the  stretchoTit  of  1  4  7  in  plan,  eis  shown  by  similar 
fignree  on  1 1,  from  which  draw  radial  lines  to  the  apex  L.  Again 
tiBing  Xi  as  center  with  radii  equal  to  L  N,  L 1,  L  2  to  L  7,  draw  arcs 
as  shown  intersecting  radial  lines  having  similar  nnmber^.  Through 
these  intersections  draw  the  line  J'  L'.  Then  O'  N'  J'  K'  L' 
or  A  will  be  the  pattern  for  the  upper  arm  (A)  in  elevation,  and 
P'  R'  T'  X  Y  or  B  the  pattern  for  the  lower  arm  (B)  in  elevation. 


Fig.  Si. 

The  pattern  shotild  be  developed  full  size  in  practice  and  then 
pricked  from  the  paper  on  to  the  sheet  metal,  drawing  the  two 
patterns  as  far  apart  aa  to  admit  allowing  an  edge  to  A  at  a;  ako 
an  edge  at  &  to  B  for  seaming. 

When  a  ijwttem  is  to  contain  more  than  two  pieces  the  method 
of  constructing  the  miter  lines  in  the  elevation  of  the  cone  is 
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BUgKtly  different  as  shown  in  Fig.  55.  Assnine  the  bottom  to  be 
3  inches  in  diameter  and  the  top  1^  inches.  Let  the  vertical  height 
be  4  inches.  In  this  problem,  as  in  the  preceding,  the  Tarions 
piec^  necessary  to  form  the  elbow  are  cat  from  one  cone  whose 
dimensions  must  be  determined  from  the  dimensions  of  the  required 
elbow.  The  first  step  is  to  determine  the  miter  lines,  which  can 
be  done  the  some  as  if  regular  pieced  elbows  were  being  developed. 
As  the  elbow  is  to  consist  of  four  pieces  in  90°,  follow  the  mle 
given  in  connection  with  elbow  drafting.      The  top  and  bottom 

90 
piece  equal  2;  the  two  middle  pieces  equal  4;  total  6.     — ^  =  15. 

Lay  off  A  B  C  D  according  to  the  dimensions  given,  and  draw  the 
half  plan  below  D  C;  divide  it  into  equal  parts  as  shown.  From 
the  points  of  division  erect  perpendiculars  intersecting  I)  C,  from 
which  draw  lines  meeting  the  center  line  E  4  at  F. 


^"aJGHT  BENDS 
Fig.  50.  Fig.  57. 

We  assume  that  the  amount  of  rise  and  projection  of  the  elbow 
are  not  specified,  excepting  that  the  lines  of  axis  will  be  at  right 
angles.  Knowing  the  angle  of  the  miter  line,  it  becomes  a  matter 
of  judgment  upon  the  part  of  the  pattern  draftsman,  what  length 
shall  be  given  to  each  of  the  pieces  composing  the  elbow.  Therefore 
establish  the  points  Or,  I  and  K,  making  D  Q,  G  I,  I  K  and  K  A, 
J,  1|,  I  and  1  inch  respectively.  From  G-,  I  and  K  draw  the  hori- 
zontal lines  G  I',  1 1°  and  K  1».  To  each  of  these  lin(?s  draw  the 
lines  G  H,  I  J  and  K  L  respectively  at  an  angle  of  15°  intersecting 
the  radial  lines  in  the  cone  as  shown.  From  these  intersections 
draw  horizontal  lines  cutting  the  side  of  the  cone.  Then  using  F 
as  a  center,  obtain  the  various  patterns  O,  P,  K  and  S  in  the 
maimer  already  explained. 
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In  Pig.  56  is  shown  a  side  view  of  the  elbow,  resulting  from 
preceding  operations;  while  it  can  be  drawn  from  dimensions 
obtained  in  Pig.  55,  it  would  be  impossible  to  draw  it  without  first 
having  these  dimensions. 

In  Pig.  57  is  shown  a  perspective  view  of  a  tapering  square 
elbow  of  square  section  in  two  pieces.  This  elbow  may  have  any 
given  taper.  This  problem  will  be  developed  by  triangulation  and 
parallel  lines;  it  is  an  interesting  study  in  projections  as  well  as 
in  developments.  Pirst  draw  the  elevation  of  the  elbow  in  Pig.  58 
making  1-6  equal  to  3|  inches,  the  vertical  height  1-2,  4^  inches, 
and  6-5,  2^  inches;  the  projection  between  1  and  2  should  be 
§  inch  and  between  5  and  6,  §  inch.    Make  the  horizontal  distance 


EL^ATION ^ 


PLAN         ^  »  OEVEIDPEMENTS 

Fig.  58. 

from  5  to  4,  2  inches,  and  the  rise  at  4  from  the  horizontal  line 
\  inch,  and  the  vertical  distance  from  4  to  3, 1^  inches.  Then  draw 
a  line  from  3  to  2  to  complete  the  elevation. 

In  its  proper  position  below  the  line  1-6,  draw  the  plan  on 
that  line,  as  shown  "by  1'  1'  6'  6'.  Through  this  line  draw  the 
center  line  A  B.  As  the  elbow  should  have  a  true  taper  from  1  to  3 
and  from  4  to  6,  we  may  develop  the  patterns  for  the  top  and 
bottom  pieces  first  and  then  from  these  construct  the  plan.  There- 
fore, take  the  distances  from  1  to  2  to  3  and  from  4  to  5  to  6  in 
elevation  and  place  them  on  the  line  A  B  in  plan  as  shown  respec- 
tively from  1°  to  2°  to  3**  and  from  4°  to  5**  to  6°;  through  these 
points  draw  vertical  lines  as  shown.    While  the  full  developments 
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E  and  D  are  shown  we  shall  deal  with  but  one-half  in  the  explana- 
tion which  follows.  As  the  elbow  is  to  have  the  same- taper  on 
either  side,  take  the  half  distance  of  the  bottom  of  the  elbow  1-6 
and  place  it  as  shown  from  l°-6°  to  l'-6',  and  the  half  width  of 
the  top  of  the  elbow  3-4  and  place  it  as  shown  from  3°  to  3'  and  4° 
to  4*.  Then  draw  lines  from  3'  to  1'  intersecting  the  bend  2^  at 
2',  and  a  line  from  4'  to  6'  intersecting  the  bend  5°  at  5*.  Trace 
these  points  on  the  opposite  side  of  the  line  A  B.  Then  1'  S'  a  b 
will  be  the  pattern  for  the  top  of  the  elbow  and  6'  4'  ch  the 
pattern  for  the  bottom.  From  these  various  points  of  intersection 
draw  horizontal  lines  to  the  plan,  and  intersect  them  by  lines 
drawn  from  similarly  numbered  points  in  the  elevation  at  right 
angles  to  A  B  in  plan.  Draw  lines  through  the  points  thus 
PATTERN  FOR  obtained  iu  plan  as  showu  by  1 ' ,  2 ' ,  3 ' ,  4 ' , 

®'^^*  5 '  and  6 '  which  will  represent  the  half  plan 

view.  For  the  completed  plan,  trace  these 
"*  lines  opposite  the  line  A  B  as  shown.  It 
will  be  noticed  that  the  line  3-4  in  eleva- 
tion is  perpendicular  as  shown  by  3'  4' 
in  plan  while  the  points  2'  and  5'  project 
from  it,  showing  that  the  piec^  2-3-4-5 
Fig.  59.  in   elevation    must    be    slightly    twisted 

along  the  line  5-3  when   foniiiug  the  elbow.      Similarly  slight 
bends  will  be  required  along  the  lines  1-5  and  5-2. 

It  will  now  be  necessary  to  obtain  the  true  lengths  or  a 
diagram  of  triangles  on  the  lines  1-5,  5-2  and  5-3.  Connect  similar 
numbers  in  plan  as  shown  from  1'  to  5',  5'  to  2'  and  5'  to  3',  the 
last  two  lines  being  already  shown.  From  similar  points  in  eleva- 
tion draw  horizontal  lines  as  shown  by  2-^^,  *ii-/\  h-e  and  6-rf. 
Take  the  distances  from  1 '  to  5',  5'  to  2'  and  5'  to  3'  in  plan  and 
place  them  on  one  of  the  lines  having  a  similar  number  in  eleva- 
tion, as  shown  respectively  by  1^  5^,  5^^  2^  and  5^  ^^.  From  the 
points  marked  5^  draw  vertical  lines  intersecting  the  horizontal 
line  drawn  from  5  at  5\  5^  and  5^  respectively.  Now  draw  the  true 
lengths  1^  5^,  2^  5^,  and  3^  5^.  For  the  pattern  draw  any  line  as 
1-6  in  Fig.  59  equal  to  1-6  in  Fig.  58.  Now  with  6'  5'  in  D  as  a 
radius  and  6  in  Fig.  59  as  a  center,  describe  the  arc  5  which  is 
intersected  by  an  arc  stmck  from  1  as  a  center  and  the  true  length 
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1"  5*  in  Fig.  58  as  radius.  Then  Tisiog  the  tme  length  5^  2*  as 
radins  and  5  in  Fig.  69  as  center,  describe  the  arc  2,  which  is 
intersected  by  an  arc  stmck  from  1  as  center  and  1'  2'  in  E  in 
Fig.  58  as  radins.  Using  the  tme  length  S'*  3'  as  radius  and  5  in 
Fig.  69  as  center,  describe  the  arc  3,  and  intersect  it  by  an  arc 
stmck  from  2  as  center  and  2'  3'  in  E  in  J^ig.  58  as  a  radins.  Now 
with  5'  4'  in  D  as  a  radins  and  5  in  Fig.  69  as  a  center,  describe 
the  arc  4,  and  intersect  it  by  an  arc  stmck  from  3  as  center  and 
3-4  in  the  elevation  in  Fig.  58  as  a  radins.  Draw  lines  from  point 
to  point  in  Fig.  59  to  complete  the  pattern.  Laps  should  be 
allowed  on  all  patterns,  for  seaming.  Slight  bends  will  take  place 
as  shown  on  the  pattern,  also  as  is  shown  hy  ah  and  a  in  Fig.  57. 
If  the  joint  is  to  be  on  the  line  2-5  in  elevation  in  Fig.  68,  the 
necessary  pieces  can  be  joined  together. 

In  Fig.  60  is  shown  a  perspective  view  of  a  five<piec8  tapering 
elbow,  having  a  round  base  and  an  elliptical  top.  This  form  is 
generally  known  as  a  ship  ventilator. 
The  principles  shown  in  this  problem 
are  applicable  to  any  form  or  shape  no 
matter  what  the  respective  profiles  may 
be  at  the  base  or  top.  The  first  step  is 
to  draw  a  correct  side  view  of  the  elbow 
as  shown  in  Pig.  61,  The  ontline  A 
B  C  D  E  F  can  be  drawn  at  pleasure, 
but  for  practice,  dimensions  are  given. 
First  draw  the  vertical  line  A  F 
equal  to  4^  inches.  On  the  same 
Fig-  80.  line  extend  measure  down  IJ  inches  to 

yand  draw  the  horizontal  line  H  B.  From^set  off  a  distance  of 
1{  inches  at  G,  and  using  O  as  a  center  and  GFas  a  radins 
describe  the  arc  F  E  intersecting  H  B  at  E,  from  which  draw  the 
vertical  line  E  D  equal  to  1  inch.  Draw  D  0  eqiial  to  1|  inches, 
then  draw  C  B.  From  B  lay  off  5|  inches,  and  using  this  point  (H) 
as  a  center  and  H  B  as  a  radins  describe  the  arc  B  A.  The  portion 
shown  B  E  D  C  is  a  straight  piece  of  pipe  whose  section  is  shown 
by  IJ  K  L.  Now  divide'tbe  two  arcs  B  A  and  E  P  into  the  same 
number  of  parts  that  the  elbow  is  to  have  pieces  (in  this  case  four) 
and  draw  the  lines  of  joint  or  miter  lines  as  shown  by  U  V,  etc. 
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Bisect  each  one  of  the  jomt  lines  said  obtain  the  points  abed  and  «. 
Then  ABCDEFwillbethe  side  view. 

The  patterns  will  be  developed  by  triangnlation,  but  before 
this  can  be  done,  true  sections  most  be  obtained  on  all  of  the  lines 
in  side  elevation.  The  true  sections  on  the  lines  B  E  and  C  D  are 
shown  by  I  J  K  L.  The.length  of  the  sections  are  shown  by  the 
joint  lines,  but  the  width  most  be  obtained  frcnn  a  fnmt  oaUine  of 
the  elbow,  which  is  constmcted  as  follows:  In  its  proper  relation 
to  the  side  elevation,  diaw  the  center  line  M  B  npcm  which  draw 


Fig.  «1. 

the  ellipse  M  X  O  P  ^by  nK'thods  alrt-aily  giv\'n  in  Mivhanical 
Drawing)  which  r^fvesents  the  sectioD  on  A  F  in  side.  Take  half 
the  diameter  I K  in  section  and  place  it  on  either  side  of  the  center 
llneMBasBTwRS.  Tbn  dm  the  oiitfia»  O  S  and  T  >'  in 
a  conw-oient  loc^tioci.  Whil^  lhi»  lute  a  drawn  mi  will,  it  sboold 
be  Tmderstood  that  vbenooatdHV^il^MMMtwdliiK'.  Now 
from  the  vniioDS  i 
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one  side  by  O,  h\  c\  d'  and  e\  Then  these  distances  will  repre- 
sent the  widths  of  the  sections  shown  by  similar  letters  in  side. 
For  example,  the  method  will  be  shown  for  obtaining  the  true 
section  on  U  V,  and  the  pattern  for  piece  1  in  side 
elevation.  To  avoid  a  confusion  of  lines  take  a 
tracing  of  A  F  V  U  and  place  it  as  shown  by  1, 
13, 12, 0  in  Fig.  62.  On  1-13  place  the  half  profile 
M  N  P  of  Fig.  61.  Bisect  0-12  in  Fig.  62  and 
obtain  the  point  6;  at  a  right  angle  to  0-12  from  6 
draw  the  line  6  6'  equal  ioV  h'  m  front  outline  in 
Fig.  61.  Then  through  the  three  points  O,  6'  and 
12  in  Fig.  62,  draw  the  semi-ellipse,  which  will 
represent  the  half  section  on  U  V.    The  other 
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Fig.  62. 
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sections  on  the  joint  lines  in  side  elevation  are 
obtained  in  the  same  manner. 

If  the  sections  were  required  for  piece  2  in 
side  it  would  be  necessary  to  use  only  O  6'  12  in 
Fig.  62  and  place  it  on  U  V  in  Fig.  61,  and  on  a 
perpendicular  line  erected  from  c,  place  the  width 
c'  c'  shown  in  front  and  through  the  three  ix>ints 
obtained  again  draw  the  semi-elliptical  profile  or 
section.  Now  divide  the  two  half  sections  (Fig.  62) 
into  equal  parts  as  shown  by  the  small  figures,  from 
which  at  right  angles  to  1-13  and  0-12  draw  lines 
intersecting  these  base  lines  from  1-13.  Connect  opposite  points 
a8lto2to3to4to5,  etc.,  to  12.    Then  these  lines  will  represent 
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the  bases  of  sections  whose  altitudes  are  equal  to  the  heights  in 
the  half  section.    For  these  heights  proceed  as  follows: 

Take  the  yarions  lengths  from  1  to  2,  2  to  3,  3  to  4,  4  to  5,  etc., 
to  11  to  12  and  place  them  on  the  horizontal  line  in  Fig.  63  as 
shown  by  similar  figures;  from  these  points  erect  vertical  lines 
equal  in  height  to  similar  figures,  in  the  half  section  in  Fig.  62  as 
shown  by  similar  figures  in  Fig.  63.  For  example:  Take  the  dis- 
tance from  7  to  8  in  Fig.  62  and  place  it  as  shown  from  7  to  8  in 
Fig.  63  and  erect  vertical  lines  7-7',  and  8-8'  equal  to  7-7'  and 
8-8'  in  Fig.  62.  Draw  a  line  from  7'  to  8'  in  Fig.  63  which  is  the 
true  length  on  7-8  in  Fig.  62.  For  the  pattern  take  the  distance  of 
1-0  and  place  it  as  shown  by  1-0  in  Fig.  64.  Now  using  O  as  a 
center  and  O  2'  in  Fig.  62  as  a  radius,  describe  the  arc  2  in  Fig.  64 


Fig.  64. 

and  intersect  it  by  an  arc  struck  from  1  as  a  center  with  1-2'  in 
Fig.  63  as  a  radius.  Now  with  1-3'  in  Fig.  62  as  a  radius  and  1  in 
Fig.  64  as  a  center,  describe  the  arc  3,  and  intersect  it  by  an  arc 
struck  from  2  as  center  and  2'-3'  in  Fig.  63  as  a  radius.  Proceed 
thus,  using  alternately  as  radii,  first  the  divisions  in  0-6'-12  in 
Fig.  62,  then  the  proper  line  in  Fig.  63,  the  divisions  in  1-7'-]  3  in 
Fig.  62  and  again  the  proper  line  in  Fig.  63,  until  the  line  12-13 
in  Fig.  64  is  obtained,  which  equals  12-13  in  Fig.  62.  In  this 
manner  all  of  the  sections  are  obtained,  to  which  laps  must  be 
allowed  for  wiring  and  seaming. 
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SHEET  C(H>PER. 

Official  table  adopted  by  the  Association  of  Copper  Manufacturers  of 
the  United  States.  Rolled  copper  has  specific  gravity  of  8.93.  One  cubic 
foot  weighs  558.125  pounds.  One  square  foot,  one  inch  thick,  weighs  46.51 
pounds. 
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184 
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266 
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317 
835 
800 
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UNITED  STATES  STANDARD  OAUGE  FOR  SHEET  AND  PLATE 

IRON  AND  STEEL 

COPY  [Public— No.  187] 

An  act  establishing  a  standard  gauge  for  sheet  and  plate  iron  and  steel. 

Be  it  enacted  bv  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  cusembCed^  That  for  the  purpose  of  securing  uniformity  the  following  is  estab- 
lished as  the  only  standard  gauge  for  sheet  and  plate  iron  and  steel  in  the  United  States  of 
America,  namely: 


THICKNESS 

WEIGHT 

Number  of 
Gauge 

Approximate 

Approximate 

Weight  per 

Weight  per 

Number  of 
Gauge 

thickness  in 

thickness  in 

square  foot 

square  foot 

fractions  of 

decimal  parts 

in  OUNCES 

in  POUNDS 

an  inch 

of  an  inch 

avoirdupois 

avoirdupois 

1-2 

.5 

820 

20. 

0000000 

0000000 

000000 

15-^ 

.46875 

800 

18.75 

000000 

00000 

7-16 

.4875 

280 

17.5 

00000 

0000 

18-82 

.40625 

260 

16.25 

uouo 

000 

8-8 

.875 

240 

15. 

000 

00 

11-82 

.84875 

220 

18.75 

00 

0 

5-16 

.8125 

200 

12.5 

0 

1 

9^ 

.28125 

180 

11.25 

1 

2 

17-64 

.265625 

170 

ia625 

2 

8 

1-4 

.25 

160 

10. 

8 

4 

15-64 

.284375 

ISO 

9.875 

4 

5 

7-82 

.21875 

140 

8.75 

6 

6 

18-4M 

.208125 

180 

8.125 

6 

7 

8-16 

.1875 

120 

7.5 

7 

8 

11-4M 

.171875 

110 

6.875 

8 

9 

5-82 

.15625 

100 

6.25 

9 

10 

9-64 

.140625 

90 

5.625 

10 

11 

1-8 

.125 

80 

5. 

11 

12 

7-4J4 

.109375 

70 

4.875 

12 

18 

8-82 

.09375 

60 

8.75 

18 

14 

5-4M 

.078125 

50 

8.125 

14 

15 

9-128 

.0708125 

45 

2.8125 

15 

16 

1-16 

.0625 

40 

2.5 

16 

17 

9-160 

.05625 

86 

2.25 

17 

18 

1-20 

.05 

82 

2. 

18 

19 

7-160 

.04375 

28 

1.75 

19 

20 

8-80 

.0375 

24 

15 

20 

21 

11-820 

.064375 

22 

1.875 

21 

22 

1-82 

.03125 

20 

1.25 

22 

28 

9-820 

.028125 

18 

1.125 

28 

24 

1-40 

.025 

16 

1. 

24 

25 

7-820 

.021875 

14 

.875 

25 

28 

8-160 

.01875 

12 

.75 

26 

27 

11-640 

.0171875 

11 

.6875 

27 

28 

1-64 

.015625 

10 

.025 

28 

29 

9-4M0 

.0140625 

9 

.5625 

29 

80 

1-80 

.0125 

8 

Xi 

80 

81 

7-4J40 

.0109375 

7 

.4875 

81 

82 

18-1280 

.01015625 

6^ 

.40625 

82 

88 

8-820 

.009375 

6 

.875 

88 

84 

11-1280 

.00669875 

s^ 

.84875 

84 

85 

5-640 

.0078125 

5 

.8125 

86 

86 

9-1280 

.00708125 

i% 

.28125 

86 

87 

17-2560 

.0066406 

4)^ 

.266625 

87 

88 

1-160 

.00625 

4 

.25 

88 

And  on  and  after  July  first,  eighteen  hundred  and  ninety-three,  the  same  and  no  other 
shall  be  used  in  determining  duties  and  taxes  levied  by  the  United  States  of  America  on  sheet 
and  plate  iron  and  steel.  But  this  act  shall  not  be  construed  to  increase  duties  upon  any 
articles  which  may  be  imported. 

Sec.  2.  That  the  Secretary  of  the  Treasury  is  authorized  and  required  to  prepare  suitable 
■tandards  in  accordance  herewith. 

Sec.  8.  That  in  the  practical  use  and  application  of  the  standard  gauge  hereby  estab- 
lished a  variation  of  two  and  one-half  per  cent  either  wa^  may  be  allowed. 

Approved,  March  8, 1898.* 
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EXAMINATION   PLATES. 
PLATE  I. 

The  plates  of  this  Instruction  Paper  should  be  laid  out  the 
same  size  as  explained  in  the  course  on  Tinsmith's  Work.  Before 
starting  these  plates  the  student  should  first  practice  on  other 
paper  and  make  models  of  stiff  cardboard  to  prove  the  accuracy 
of  the  patterns.  When  the  problem  is  thoroughly  mastered  and 
understood,  copy  and  send  in  your  best  drawing  for  examination 
and  correction. 

The  first  problem  given  is  the  intersection  and  .development 
of  a  cylinder  and  a  right  cone,  whose  lines  of  axis  run  parallel  to 
each  other.  First  draw  the  base  of  the  cone  6  0  4^  inches  long, 
placing  B  1^  inches  from  the  border  line,  and  the  line  C  B  5^  inches 
above  the  bottom  line.  Make  the  vertical  height  of  the  cone  3^ 
inches,  and  draw  the  lines  A  B  and  A  C.  Through  A  draw  the 
center  vertical  line  J  G,  on  which  2^  inches  below  the  base  line  C  B 
establish  the  point  I.  Now  with  I  as  center  and  ^  of  C  B  as  radius, 
describe  the  circle  E  P  G  H,  which  represents  the  plan  of  the  cone. 
From  A  on  the  line  A  C  measure  down  one  inch  as  shown  at  «', 
from  which  erect  a  vertical  line  e'  K  |-inch  high.  From  K  draw 
the  horizontal  line  K  L  equal  to  1§  inches,  and  from  L  drop  a 
perpendicular  intersecting  the  side  of  the  cone  at  M.  Directly 
above  L  K  in  its  proper  relative  position  ^-inch  above  L  K,  with  N 
as  center  draw  the  circle  shown,  which  represents  a  section  through 
L  K.  Through  the  center  N  draw  the  hoi:izontal  line  a  e.  Now 
divide  the  half  upper  section  N  into  an  equal  number  of  spaces  as 
shown  hy  a  h  c  d  e^  from  which  points  drop  vertical  lines  intersect- 
ing the  side  of  the  cone  AC  at  a'  V  c'  d'  and  «',  and  from  these 
points,  draw  horizontal  lines,  intersecting  the  opposite  side  A  B 
from  a'  to  e\ 

The  next  step  is  to  construct  planes  in  plan  as  follows:  From 
the  various  intersections  a'  to  e'  in  elevation,  drop  vertical  lines 
intersecting  the  horizontal  line  fl  F  in  plan  drawn  through  the 
center  I,  at  a'"  V"  c'"  d"*  and  e*'\  Then  using  I  as  center  and 
distances  to  points  a'"  to  e'"  as  radii,  strike  the  various  circles 
shown.  From  the  center  of  the  section  N  in  elevation  extend  the 
line  intersecting  H  F  in  plan  at//  then  using /"as  center  and  N  a 
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or  N  «  in  elevation  as  radius,  describe  the  circle  1-3-5-3  in  plan, 
cutting  the  various  planes  at  1,  2,  3,  4,  and  5  on  both  sides.  Now, 
from  the  various  points  of  intersection  on  the  various  planes  in 
plan,  erect  lines  intersecting  similarly  lettered  planes  in  elevation 
as  shown  at  1',  2',  3',  4^  and  5',  through  which  trace  a  line  as 
shown,  which  represents  the  line  of  intersection  between  the 
cylinder  and  right  cone. 

For  the  pattern  for  the  cylinder  proceed  as  follows:  Extend 
the  line  K  L  of  the  cylinder  in  elevation  as  shown  by  O  P,  placing 
the  distance  1  from  the  margin  line  2^  inches.  Now  starting  from 
1,  lay  off  on  O  P  the  stretchout  of  the  section y*  in  plan,  the  spaces 
being  designated  by  similar  figures  on  O  P.  From  these  small 
figures  and  at  right  angles  to  O  P,  draw  lines  which  intersect  with 
lines  drawn  from  similarly  numbered  intersections  on  the  line  of 
intersection  in  elevation  parallel  to  O  P.     Trace  a  line  through 

points  thus  obtained.  Then  will  O  P  R  be  the  full  pattern  for  the 
cylinder. 

The  pattern  for  the  right  cone  is  developed  as  has  already  been 
described  in  the  Tinsmith's  Course,  and  for  that  reason  will  be 
shown  only  the  method  how  to  obtain  the  pattern  for  the  opening 
in  the  cone  to  miter  with  the  cylinder.  For  this  proceed  as  follows: 
Draw  radial  lines  from  I  in  plan  through  the  intersections  1,  2,  3, 
4,  and  5,  cutting  the  outer  curve  E  F  G  H  at  1',  2\  3',  4',  and  5', 
respectively.  Now  with  A  B  in  elevation  as  radius  and  A^  as  center, 
describe  a  short  arc  as  S  T.  Place  the  arc  as  far  above  the  mai^in 
line  as  the  plan  G,  and  have  S  T  central  between  the  plan  and 
margin  line.  From  A^  drop  a  vertical  line  intersecting  the  arc  S  T 
at  1'.  Now  starting  from  1',  set  off  on  either  side  of  the  center 
line  A^  1'  the  distances  shown  in  plan  from  1"  5'  to  4*^  to  2"  to  3', 
as  shown  by  similar  nimibers  on  S  T.  From  these  points  draw 
radial  lines  to  A'.  Now  using  A^  as  center  and  with  radii  equal 
to  A  e\  A  d\  A  c',  A  h\  and  A  a'  in  elevation,  describe  arcs 
intersecting  respectively  the  radial  lines  A'  1"  at  e',  2"  2"  at  rf*  rf", 
3"  3'  at  c'  c%  4'  4"  at  J' J',  and  A' 5"  at  a'.  Through  these 
intersections  trace  a  line  as  shown,  which  will  be  the  desired 
opening. 
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.  PLATE  II. 

This  problem  will  give  an  examination  on  triangulation,  being 
the  development  of  an  irregular  solid  whose  bottom  and  top  are 
round  when  viewed  on  horizontal  planes,  the  top  plane  being  cut  off 
at  an  angle  of  45°  to  the  base  line.  First  draw  the  base  line  1  '-6 ' , 
2|  inches  long,  placing  the  point  1 '  2  inches  from  the  margin  line, 
and  the  line  1  '-G'  in  the  center  of  the  sheet.  Three  inches  above 
the  bottom  margin  line  draw  the  horizontal  line  I'-G'  in  plan; 
then  with  a  as  center  and  radius  equal  to  one-half  of  l'-6'  in 
elevation,  draw  the  circle  shown  in  its  proper  position  below  the 
line  l'-6'  in  elevation.  Now  J  inch  to  the  right  of  a  on  the  line 
l'-6'  in  plan,  establish  S,  which  use  as  a  center,  and  with  i|-inch 
radius  describe  the  inner  circle  1^3-6-e,  which  represents  the 
upper  horizontal  plane  of  the  irregular  article.    From  the  points 

1  and  6  in  plan,  erect  the  vertical  lines  1-1  €uid  &-6,  making  the 
height  of  the  line  1-1  above  the  base  line  l'-6'  in  elevation 
3|  inches,  and  from  the  point  1  in  elevation  draw  the  line  1-6  at 
an  angle  of  45°  intersecting  the  vertical  line  6-6  at  6.  Now  draw 
lines  &om  1  to  1'  and  from  6  to  6',  which  completes  the  elevation. 

Now  divide  the  half  plan  into  an  equal  nmnber  of  parts 
(in  this  case  5)  as  shown  by  the  small  figures  1 '  to  6 ' .  In  the 
same  manner  divide  the  inner  circle  into  the  same  number  of  parts 
as  shown  from  1  to  6.  Now  draw  solid  lines  from  1'  to  1,  2'  to  2, 
3'  to  3,  4'  to  4,  6'  to  5,  and  6'  to  6;  and  dotted  lines  from  1  to  2', 

2  to3',  3  to4',  4  to5',  and  5  to6'.  From  the  intersections  1'  to  6' 
on  the  outer  plan,  erect  lines  intersecting  the  base  line  in  elevation 
from  1 '  to  6 ' .  In  a  similar  manner,  from  the  intersections  on  the 
inner  curve  in  plan  erect  lines  intersecting  the  top  plane  of  he 
article  from  1  to  6.    Now  connect  lines  in  elevation  from  2  to  2', 

3  to  3',  etc.,  although  these  lines  are  not  necessary  in  the  develox>- 
ment  of  the  pattern,  but  are  given  only  to  show  their  relationship 
to  similar  lines  in  plan.  The  solid  and  dotted  lines  in  plan 
represent  the  bases  of  triangles,  which  will  be  constructed,  whose 
altitudes  are  equal  to  similarly  numbered  vertical  heights  in 
elevation.  The  construction  of  these  triangles  is  shown  at  B  and  C, 
B  representing  the  triangles  on  solid  lines  in  plan,  and  C  the 
triangles  on  dotted  lines  in  plan.    Construct  these  triangles  as 
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follows:  Extend  the  line  l'-6'  in  elevation  as  E  F,  the  point  C 
on  EF  to  be  placed  1  inch  from  the  inargin  line.  Now  take  the 
various  distances  of  the  dotted  lines  in  plan  as  6'  to  5,  5'  to  4, 
4'  to  3,  3'  to2,and2'  to  1,  and  place  them  on  the  line  E  Fas  shown 
by  similar  numbers.  Now  from  the  small  figures  1,  2,  3, 4,  and  5 
on  the  line  E  F,  erect  lines,  which  intersect  by  lines  drawn  from 
similarly  numbered  intersections  on  1-6  in  elevation,  parallel 
to  E  F,  thus  obtaining  the  points  l^  2°,  3°,  4%  and  6^  Then 
draw  lines  from  1°  to  2\  2""  to  3',  3^  to 4',  4°  to  6',  and  5^  to  C, 
which  will  represent  the  diagram  of  triangles  on  dotted  lines  in 
plan,  the  slant  lines  representing  the  true  lengths  on  the  finished 
article.  In  precisely  the  same  manner  obtain  the  dia^^'am  of 
triangles  B  on  solid  lines  in  plan.  For  example,  take  the  distance 
of  2-2'  in  plan,  and  place  it  as  shown  by  2-2'  on  the  line  E  F; 
from  2  at  right  angles  to  E  F  draw  the  line  2-2^  equal  to  the 
vertical  height  to  2  in  elevation,  and  draw  a  line  from  2°  to  2', 
which  is  the  true  length  on  2-2'  in  plan.  It  now  becomes 
necessary  to  obtain  a  true  section  on  the  line  1-6  in  elevation. 
Therefore  at  right  angles  to  1-6  and  from  the  various  intersections 
1  to  6,  draw  lines  as  shown.  Now  measuring  in  each  instance 
from  the  line  l'-6'  in  plan,  take  the  various  distances  to  points 
2,  3, 4,  and  5,  and  place  them  in  A  on  similarly  numbered  lines, 
measuring  in  each  instance  from  the  line  1-6  in  elevation,  thus 
obtaining  the  points  2"  to  5^.  A  line  traced  as  shown  will  be  the 
half  section  on  1-6  in  elevation. 

For  the  pattern  proceed  as  follows:  Draw  any  line  as  1-1'  in 
G  equal  to  1-1'  in  elevation.  Now  with  radius  equal  to  l'-2' 
in  plan,  and  1'  in  G  as  center,  describe  the  arc  2'.  Then  using 
1  in  G  as  center,  and  l°-2'  in  C  as  radius,  intersect  the  arc  2'  in  G. 
Now  with  radius  equal  to  1-2"  in  the  true  section,  and  1  in  G  as 
center,  describe  the  arc  2,  which  intersect  by  an  arc  struck  from  2' 
as  center  and  with  2°-2'  in  B  as  radius.  Proceed  in  this  manner, 
using  alternately  as  radii,  first  the  divisions  in  the  outer  curve 
in  plan,  then  the  hypothenuses  or  slant  lines  in  C;  the  divisions 
in  the  true  section  A,  then  the  length  of  the  slant  lines  in  B, 
following  the  numbers  in  regular  order  until  the  last  line  G-6 '  in  G 
is  obtained,  this  line  being  obtained  from  6-6'  in  elevation. 
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The  study  of  mechanism  is  the  study  of  the  laws  that  govern 
the  motions  and  forces  in  machinery.  Pure  mechanism  deals 
only  with  the  amount  and  kind  of  motions,  without  regard  to  the 
forces  transmitted,  and  in  this  instruction  paper  only  this  branch 
of  the  subject  will  be  considered.  That  is,  we  shall  study  how  to 
proportion  the  parts  to  get  the  proper  motions.  Knowing  this,  the 
principles  of  machine  design  and  strength  of  materials  will  teach 
us  how  large  the  parts  must  be  to  stand  the  stresses  which  come 
upon  them. 

A  Mechanism  is  a  group  of  parts  so  shaped  and  arranged  that 
a  definite  motion  of  one  part  will  give  other  definite  motions  to 
the  other  parts. 

A  riachine  is  a  combination  of  mechanisms  each  of  which  may 
be  doing  a  different  kind  of  work,  but  the  whole  combination  of 
mechanisms  working  together  accomplishes  some  desired  result. 
Take  for  example,  a  metal  planer;  the  result  which  is  to  be  ac- 
complished is  the  planing  of  a  piece  of  metal,  but  in  order  to  do 
this,  several  auxiliary  results  must  be  accomplished.  The  table  or 
platen,  to  which  the  metal  is  fastened  must  be  moved  back  and 
forthj  the  tool  must  be  fed  forward  after  each  chip  has  been  cut, 
and  various  other  motions  produced.  There  are  certain  pieces  in 
the  planer  whose  sole  work  is  the  moving  of  the  platen,  and  all 
these  pieces  taken  together  form  one  mechanism;  in  like  manner, 
there  are  certain  parts  whose  sole  work  is  feeding  the  tool  forward 
each  time,  and  all  these  parts  taken  together  form  another  mechan- 
ism.      All   the  mechanisms  when   brought  together  form  the 

machine. 

MOTION. 

An  object  which  is  changing  its  position  is  said  to  be  in 
motion  and  an  object  which  is  not  changing  its  position  is  at  rest. 

Absolute  and  Relative  notion.  If  a  man  is  moving  along  in 
a  sail  boat  without  changing  his  position  in  the  boat,  both  man 
and  boat  have  what  is  usually  spoken  of  as  absolute  motion,  that 
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is,  they  are  both  changing  their  position  with  respect  to  the  earth 
and  water  around  them.  They  both  change  their  position  in  the 
same  direction  and  at  the  same  rate  however,  so  that  they  are  at 
rest  with  respect  to  each  other.  If  now,  the  man  should  start  to 
walk  forward  in  the  boat,  he  would  change  his  position  with  re- 
spect to  surrounding  objects  faster  than  the  boat  and  he  would  have 
motion  relative  to  the  boat.  We  thus  have  two  kinds  of  motion, 
absolute  and  relative;  absolute  motion  being  the  motion  of  a  body 
with  respect  to  some  fixed  object,  and  relative  motion  being  the 
motion  of  one  moving  body  with  respect  to  another  moving  body. 


Fig.  1. 


Fig.  2. 


Since  every  object  has  more  or  less  size  and  therefore  can  not 
be  represented  on  paper  as  readily  as  can  some  particular  point  or 
line  in  the  body,  as  far  as  possible  in  our  study  of  the  motions  of 
bodies  we  shall  consider  points  and  lines,  in  place  of  the  bodies 
themselves. 

Velocity  is  the  rate  of  motion.  If  a  bullet  travels  through  the 
air  at  the  rate  of  one  hundred  feet  in  a  second,  it  has  a  velocity  of 
one  hundred  feet  per  second. 

Direction  of  notion.  A  point  may  have  motion  in  a  straight 
line,  in  a  circle,  or  in  any  other  curve.  The  tendency  of  any  body 
which  is  in  motion  is  to  continue  to  move  in  a  straight  line  unless 
caused  to  leave  that  path  by  some  force  applied  to  the  body. 
The  direction  of  the  straight  line  in  which  a  point  is  moving  is 
called  the  direction  of  motion  of  the  point.  If  an  object  is  travel- 
ing in  a  circle,  the  direction  of  its  motion  at  any  given  instant  is 
the  straight  line  tangent  to  the  circle  at  the  point  where  the  object 
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is  at  the  given  instant.  For  example,  if  the  point  A,  Fig.  1,  is 
moving  around  the  circle,  the  direction  of  its  motion,  when  in  the 
position  shown,  is  the  line  AB.  In  the  same  way  in  Fig.  2,  if 
the  point  A  is  moving  in  the  curved  path,  its  direction  when  in  the 
position  indicated  is  the  line  AB. 

By  choosing  a  convenient  scale,  as  one  inch  equals  one  foot, 
or  one  inch  equals  ten  feet,  etc.,  depending  upon  how  large  the 
velocities  are  with  which  we  have  to  deal,  the  line  may  be  drawn 
of  a  length  that  will  represent  the  velocity  of  the  point  A.  Sup- 
pose the  circle,  Fig.  1,  to  have  a  circumference  of  ten  inches,  and 
suppose  the  point  A  to  be  traveling  around  the  circle  at  such  a 
speed  that  it  goes  around  once  in  five  seconds;  then,  since  it  travels 
ten  inches  in  five  seconds,  it  has  a  velocity  of  two  inches  per  second. 
Accordingly,  if  we  draw  the  line  AB 
two  inches  long,  tangent  to  the  cir- 
cle at  any  given  position  of  A,  the 
line  AB  represents  the  direction  and  g 
velocity  of  A  at  the  instant  under 
consideration.  Of  course,  the  direc- 
tion of  motion  of  a  point  which  is 
moving  in  any  path  other  than  a 
straight  line  is  constantly  changing,      ^  B  U 

but  the   direction   in   which  it  is  ^^'  ' 

moving  at  a  given  instant  is  the  direction  which  it  would  take  if 
the  forces  which  constrain  it  to  move  in  the  curved  path  were 
removed  at  that  instant. 

Composite  Motions.  In  Fig.  3,  let  A  represent  a  body  lying  on 
a  table;  suppose  AC  and  AD  are  strings  making  a  right  angle  with 
each  other.  First,  let  the  string  AC  be  pulled  with  such  force  that 
it  will  cause  A  to  move  one  inch  in  the  direction  AC,  in  one  second; 
then  A  will  be  at  B  at  the  end  of  a  second,  the  line  AB  repre- 
senting the  direction  and  velocity  of  A  when  the  string  AC  is 
pulled.  Next,  suppose  the  body  to  be  back  in  its  original  position 
A,  and  that  the  string  AD  is  pulled  with  such  force  that  it  will 
cause  A  to  move  |  of  an  inch  in  the  direction  AD  in  one  second; 
then  at  the  end  of  a  second  A  will  be  at  £,  the  line  AE  repre- 
senting the  direction  and  velocity  of  the  body  when  the  string 
AD  is  pulled. 
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Again,  suppose  both  strings  to  be  pulled  at  the  same  time, 
with  the  same  force  as  before.  Then  the  pull  on  AC  will  still 
cause  A  to  move  toward  C  with  a  velocity  AB,  and  the  pull 
on  AD  will  cause  A  to  move  toward  D  with  a  velocity  AE, 
so  that  at  the  end  of  a  second  the  body  will  be  at  neither  E  nor  B, 
but  at  some  pomt  H,  whose  position  is  at  a  distance  BII  from  B, 
the  line  BH  being  equal  and  parallel  to  AE.  The  point  H  is  also 
at  a  distance  EII  from  E,  the  line  EH  being  equal  and  parallel 
to  AB.  In  other  words,  the  path  over  which  the  body  has 
moved  is  the  line  AH,  which  is  the  diagonal  of  a  parallelogram 
whose  sides  are  equal  to  AB  and  AE  respectively.  The  lines 
AB  and  AE,  which  represent  the  velocities  caused  by  the  pulls 
on  the  respective  strings,  must  be  drawn  to  the  same  scale,  that  is, 
if  the  pull  on  AC  causes  a  velocity  of  one  inch  per  second  and 


I 
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Fig.  4.  Fig.  5. 

the  pull  on  AD  causes  a  velocity  of  |  inch  per  second,  AE  must 
be  £  as  long  as  AB. 

The  velocities  AB  and  AE  are  called  coinponent  velocities^ 
and  the  velocity  AH  the  resultant. 

Let  us  take  another  example.  Suppose  a  ball  is  thrown 
toward  the  east  with  a  velocity  of  ten  feet  per  second,  and  the  wind 
carries  the  ball  toward  the  south  with  a  velocity  of  live  feet  per 
second.  Let  us  find  graphically  how  fast  and  in  what  direction  the 
ball  is  actually  moving.  Using  any  convenient  scale,  draw  the 
line  AB,  Fig.  4,  to  represent  ten  feet,  and  the  line  AC  to  repre- 
sent five  feet  at  the  same  scale,  AC  being  at  right  angles  to  AB, 
since  south  is  at  right  angles  to  east.  From  C  draw  CD  parallel 
to  AB,  and  from  B  draw  BD  parallel  to  AC  meeting  CD  at  D; 
then  AD,  the  diagonal  of    the  rectangle  thus  formed,  gives  the 
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direction  and  the  velocity,  at  the  same  scale  as  before,  of  the  actual 
motion  of  the  ball. 

The  preceding  process  is  called  composition  of  velocities; 
that  is,  if  we  know  the  velocity  of  a  body  in  two  directions  at 
right  angles  to  each  other,  we  can  find  from  these  the  real  velocity 
and  direction  of  the  motion.  Quite  as  frequently  we  have  given 
the  real  direction  and  velocity  and  wish  to  find  the  velocity  parallel 
and  at  right  angles  to  some  given  line.  Thus,  suppose  we  know 
that  a  ball  is  moving  at  a  speed  of  one  hundred  feet  per  minute 
toward  the  southeast  and  we  wish  to  know  how  fast  it  is  moving 
towards  the  east.  Draw  the  line  AD,  Fig.  5,  to  represent  one 
hundred  feet,  at  a  convenient  scale;  then  draw  the  line  AB,  mak- 
ing with  AD  the  same  angle  that  a  line  running  southeast  makes 
with  a  line  running  east  (that  is,  45  degrees).  From  D  draw  DB 
perpendicular  to  AB,  meeting  AB  at  B;  the  length  of  AB 
represents,  at  the  same  scale  at  which  AD  was  drawn,  the  velocity 
of  the  ball  in  an  easterly  direction,  and  BD  represents  its  velocity 
in  a  southern  direction.  This  is  called  the  resolution  of  veloci- 
ties, the  velocity  AD  being  resolved  into  two  components,  one  in 
the  direction  AB,  and  one  perpendicular  to  this  direction. 

*BXAnPLES  FOR  PRACTICE. 

1.  If  a  steamer  travels  91,200  feet  per  hour,  what  is  the 
velocity  in  feet  per  second? 

Ans.     25.33  feet. 

2.  If  the  piston  of  an  engine  moves  at  the  rate  of  12.5  feet 
per  second,  what  is  the  piston  speed  in  feet  per  minute? 

Ans.     750  feet. 

3.  A  steamer  is  moving  eastward  at  a  speed  of  800  feet  per 
minute  and  the  wind  and  tide  carry  it  north  at  the  rate  of  100  feet 
per  minute.  P'ind  graphically  how  fast  and  in  what  direction  the 
steamer  is  actually  moving. 

Ans.     810  feet  per  minute. 

4.  A  ball  is  thrown,  with  a  velocity  of  50  feet  per  second, 
across  a  stream  100  feet  wide.  The  wind  carries  the  ball  up  stream 
10  feet  per  second.  How  far  up  stream  from  the  point  at  which 
the  ball  was  aimed  will  it  strike  I  Ans.    20  feet. 

•Note.    To  be  solved  frraphicalbr. 
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6.     A  platform  is  set  up  at  an  angle  of  80  degrees  with  the 

horizontal,  and  a  weight  is  allowed  to  slide  down  the  platform  at  a 

speed  of  ten  feet  per  second.     How  long  will  it  take  die  weight  to 

get  10  feet  below  the  point  from  which  it  started  f 

Ans.     2  seconds. 

6.  The  horizontal  component  of  the  velocity  of  a  body  is  26 

feet  per  minute.     If  the  actual  velocity  is  52  feet  per  minute  find 

graphically  the  vertical  component. 

Ans.    45  feet  per  minute  (about). 

7.  A  man  is  on  a  railway  train  which  is  moving  at  the  rate 
of  25  miles  per  hour  and  walks  toward  the  rear  of  the  train  i&t  the 
rate  of  88  feet  per  minute.    How  fast  is  the  man  actually  moving  f 

Ans.     24  miles  per  hour. 

Temporary  Center  of  Revolution.  In  Fig.  6,  let  AB  repre- 
sent  a  bar  that  forms  some  part  of  a  mechanism,  and  suppose 

Q  that  for  the  moment  the 

\end  B  has  a  velocity  in 
the  direction  of  and 
equal  to  BD,  and  that 
the  end  A  has  a  veloc- 
ity in  the  direction  of 
.^^P^  and  equal  to  AC.  As  the 
I    /     *"*  ^.-"'^  whole  rod,  for  the  instant, 

'^  -^^  ^^"^  is  moving  as  if  it  were 

^J-'""  revolving  about  a  cen- 

Y,.     ^  ter,  the    actual   veloci- 

Fig.  C  ... 

ties  of  the  various  points 

in  the  rod  are  proportional  to  their  distances  from  the  cen- 
ter. To  find  the  center  for  the  case  shown,  draw  the  lines 
AT  and  BT  perpendicular  to  AC  and  BD,  respectively,  until  they 
meet  at  T,  which  is  the  center  about  which  the  whole  rod  may  be 
considered  to  be  revolving.  The  velocities  AC  and  BD  cannot  be 
chosen  at  random,  but  must  be  such  that  BF  is  equal  to  AE; 
(hat  is,  their  components  in  the  direction  of  AB  must  be  equal. 

REVOLVINQ  BODIES. 

One  of  the  most  common  motions  which  is  found  in  machinery 
of  all  kinds  is  the  motion  of  revolution,  that  is,  the  motion  of  a 
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body  turning  around  a  center  or  axis.  The  axis  may  pass  through 
the  body  itself  or  it  may  lie  entirely  outside  the  body.  Fig.  7  is 
an  example  of  the  first  case,  where  the  cylinder  is  revolving  about 
the  shaft  A,  which  passes  through  the  center  of  the  cylinder.  Fig. 
8  is  an  example  of  the  second  case  where  the  block  B  is  revolving 
about  the  shaft  A. 

The  speed  of  revolution  of  a  body  is  generally  described  by 
giving  its  number  of  revolutions  per  minute,  which  is  abbreviated 
to  R.  P.  M. 

We  will  use  the  following  abbreviations  throughout  this  in- 
struction paper:  <Z=diameter;  r=radius  or  distance  of  a  point 
from  the  center  about  which  it  is  revolving,  and  n  ( pronounced 
Pi)  =  3.1416. 

Let  us  consider  a  point  C  on  the  circumference  of  the  cylin- 
der  in  Fig.  7.     For  every  complete  revolution  of  the  cylinder  the 


Fig.  7. 


Fig  8. 


point  C  travels  through  the  air  a  distance  equal  to  the  circumfer- 
ence  of  the  cylinder,  or,  since  the  circumference  of  a  cylinder  is 
3.1416  times  its  diameter,  the  point  C  will  travel  3.1416  times 
the  diameter  of  the  cylinder.  Therefore  the  actual  velocity  through 
the  air  or  linear  velocity  as  it  is  termed,  of  a  point  on  the  circum- 
ference of  a  revolvinor  cylinder  is  equal  to  the  diameter  of  cylinder 
times  3.1416  times  the  number  of  revolutions  in  a   unit  of   time. 

If  we  assume  a  foot  as  our  unit  of  distance  and  a  minute  as  our 
unit  of  time,  the  above  principle  may  be  stated  as  a  formula: 
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Linear  Velocity  =  Tr  d  times  R.  P.  M.  (l) 

or     «  «  =  2  IT  r  times  R.  P.  M.  {2) 

This  will  give  the  linear  velocity  in  feet  per  minute  and  to 
nse  this  formula  the  diameter  or  radius  must  be  expressed  in  feet 
or  fractions  of  a  foot.  If  d  or  r  is  in  inches,  the  linear  velocity  will 
be  in  inches.  If  linear  velocity  per  second  is  desired,  the  number 
of  revolutions  per  second  must  be  used  instead  of  R.  P.  M.  From 
this  formula  we  see  that  the  linear  velocity  varies  directly  as  the 
diameter  or  radius,  and  also  directly  as  the  number  of  revolutions. 

The  following  examples  will  illustrate  the  use  of  the  above 
formula: 

If  a  fly  wheel  is  10  feet  in  diameter  and  makes  75  revolu- 
tions per  minute,  how  fast  is  a  point  on  its  circumference  moving  ? 
Using  formula  (1), 

Linear  Velocity  =  ir  tZ  X  R.  P.  M. 

=  3.1416  X  10-X  75. 
=  2356.2  feet  per  minute. 

Therefore  a  point  on  the  circumference  of  the  fly  wheel  is 
moving  at  the  rate  of  2356.2  feet  per  minute. 

Suppose  that  the  center  of  the  block  B,  Fig.  8,  is  at  a  distance 
of  18  inches  from  the  center  of  the  shaft  A  and  that  the  arm  turns 
around  the  shaft  60  times  per  minute.  To  find  the  linear  velocity 
of  the  center  of  block  B,  we  must  first  reduce  the  18  inches  to  feet. 
Then, 

Linear  Velocity  =  2  X  3.1416  X  1.5  X  60. 

=  565.49  feet  per  minute. 

The  same  formula  may  be  used  to  find  the  diameter  or  radius 
when  the  linear  velocity  and  revolutions  are  given,  or  to  find  the 
revolutions  when  the  linear  velocity  and  diameter  or  radius  are 
given.  To  do  this,  substitute  the  known  quantities  in  the  equa- 
tion and  solve  by  Algebra  to  find  the  unknown  quantity.  Let 
V  =^  Linear  Velocity. 
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Unear  Velocity :  V  —  w  <i  X  R.  P.  M. 

Diameter:  ''=^x  R.  P.  M. 

Revolutions:  E  P  M  =     ^ 


TT 


d. 


EXAMPLES  FOR  PRACTICE. 

1.  Find  the  linear  velocity  of  a  point  on  the  rim  of  a  fly 
wheel  making  120  revolutions  per  minute.  Assume  fly  wheel  to 
be  7  feet  in  diameter.  Ans.  2638.9  feet. 

2.  How  many  turns  will  a  6-foot  wheel  make  while  going  one 
mile? 

Ans.  280. 

3.  A  locomotive  is  running  at  the  rate  of  40  miles  per  hour. 
How  many  revolutions  are  the  6^-foot  drivers  making  per  minute  ? 

Ans.  172. 

4.  The  drivers  of  a  locomotive  are  5J  feet  in  diameter.  The 
crank  pin  is  twelve  inches  from  the  center  of  the  wheel.  Find 
the  linear  velocity  in  feet  per  second  of  the  crank  pin  if  the  engine 
makes  25  miles  per  hour.  Ans.  13.32. 

CYLINDERS  AND  CONES  REVOLVING  IN  CONTACT. 

When  two  cylinders  are  arranged  to  revolve  upon  parallel  axes 
which  are  at  a  distance  apart  just  equal  to  the  sum  of  the  radii  of  the 
two  cylinders,  their  circumferences  will  touch  along  one  line,  and 
if  both  cylinders  revolve  and  we  assume  that  there  is  no  slipping 
of  one  surface  on  the  other,  the  surface  velocities  of  their  circum- 
ferences must  be  equal,  that  is,  the  linear  velocity  of  any  point  on 
the  surface  of  one  would  be  the  same  as  the  linear  velocity  of  any 
point  on  the  surface  of  the  other.  Then,  if  in  Fig.  9,  we  let  S 
equal  the  surface  velocity  of  the  cylinders,  C  the  radius  of  cylin- 
der A,  D  the  radius  of  B,  M  the  revolutions  per  minute  of  A,  and 
N  the  revolutions  per  minute  of  B,  we  can  obtain  the  following 
equations  by  substituting  these  values  in  formula  (2): — 

8  =  2  IT  C  X  M. 
8  =  2irD  X  N. 
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and  dividing  the  first  by  the  second  we  have: 

S        2fl-CxM      ,       CM 

—  — or  1  — 

S        2  TT  D  X  N  Dif 

therefore  DN  =  CMorDxN  =  Cx  M. 

According  to  ratio  and  proportion  in  Algebra^ 


M 

N 


D 


0 


(3) 


N  REVOLUTIONS  PER 
MINUTE 


M    REVOLUTIONS   PER  MINUTE 

Fig.  9. 


This  may  be  stated  as  follows: — 

Revolutions  of  Driver        Radius  of  Driven 
Revolutions  of  Driven        Radius  of  Driver 

That  is,  the  numbers  of  revolutions  are  to  each  other  inversely  as 
the  radii,  and  therefore  as  the  diameters. 

Two  cylinders  revolving  in  contact,  without  slipping,  revolve 
in  opposite  directions;  that  is,  if  A  revolves  right-handed  (like  the 
hands  of  a  clock ),  B  will  revolve  left-handed.  This  is  indicated  by 
the  arrows  in  Fig.  9. 

The  following  examples  will  illustrate  the  method  of  calcula- 
tion for  speeds  of  cylinders,  according  to  the  preceeding  discus- 
sion. Suppose  a  wheel  A,  2  feet  in  diameter,  is  revolving  with  its 
surface  in  contact  with  the  sur&ce  of  another  wheel  B.     A  makes 
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25  K.  P.  M.  AssamiDg  that  no  slipping  occurs  between  the  sur- 
faces of  the  two  wbeeU,  what  most  be  the  diameter  of  B  in  order 
that  it  sliall  make  75  K.  P.  M.I     From  the  formala  (3)  we  have 


Diameter  of  B 
Diameter  of  A 
Diamet«i  of  B 


,  R.  P.  M.  of  A 
■  K.  P.  M.  of  B 


2  feet  76 

Diameter  of  B  X  75  =  2  X  2B 
therefore  Diameter  of  B  =  §  feet  =  8  inches. 

Tlie  eame  principles  apply  to  cones  which  are  revolving  in 
contact.  Let  Fig.  10  represent  tlie  aide  view  of  two  riglit  cones 
which  are  in  contact  along  the  line  £F\  which  is  an  element  com- 
mon to  both.     Then, 

E.  P.  M.  of  A  ^  F  G  , 

ITP.  M.  of  B       FH  ^^ 

That  is,  their  revolutions 
are  to  each  other  inversely  as 
the  diameters  of  their  baees.  If 
the  angles  OEF  and  O'EF  are 
known,  instead  of  the  diameters 
of  the  bases,  the  ratio  of  the 
number  of  revolutions  may  be  ^' 

found  from  the  following  trigonometric  formula: 

R.  F.  M.  of  A  _  Sine  of  angle  OEF 
B.  P.  M.  of  B  ~  Sine  of  angle  O'EF 

If  the  angle  between  the  axes  OE  and  O'E  is  given  and  it  is 
desired  to  lind  the  relative  sizes  of  the  two  cones  whose  revolutions 
shall  liave  a  given  ratio,  the  angles  OEF  and  O'EF  could  be  caleu- 
latt^l,  but  the  calculation  would  be  rather  ditRcult  and  therefo  e  a 
solution  which  is  ]tartly  graphical  is  more  convenient  and  usually 
sufficiently  accurate. 

Tx>t  EO' and  EC  Fig.  11,  be  the  center  lines  of  two  shafts 
which  lie  in  the  same  j>lane  and  make  an  angle  of  45  degrees 
with  each  other.     The  shafts  are  to  be  connected  by  two  rolling 
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cones  80  that  the  shaft  O'E  shall  make  30  revolntioas  while  the 
shaft  OE  makes  40.  The  base  of  the  larger  cone  is  12  inches,  to 
find  the  base  of  the  smaller  cone  and  the  altUode  of  both.  Since, 
from  the  preceding  discnssion,  the  speeds  are  inverselj  as  the 
diameters  of  the  cooes,  the  larger  cone  must  be  on  the  shaft  which 
is  making  the  fewer  number  of  revolations,  that  ia,  O'E. 
Then  from  formTda  (4). 


Speed  of  O'E 
Speed  of  O  E  " 


Diameter  of  base  of  cone  on  O  E 
Diameter  of  base  of  cone  on  O'E 


Diameter  of  base  of  cone  on  OE 


Solring  the  equation  we  get     • 

Diameter  of  bast  of  corf  OE  =  9  inches. 

Xow  draw  the  line  PK  parallel  t«  O'E  and  at  a  distance  from 
O'E  equal  to  the  radius  of  the 
base  of  the  cone  O'E  (in  this  case 
6  inches),  at  a  convenient  scale, 
and  draw  the  line  ML  parallel  to 
OE  and  at  a  distance  equal 
to  the  radius  of  the  base  of  the 
cone  on  OE  (in  this  case  4J 
inches).  These  lines  intersect  at 
the  point  C,  A  line  from  C  to  E 
is  the  element  along  which  the 
cones  touch  each  other.  From  C 
draw  lines  perpendicular  to  OE 
and  O'E,  meeting  them  at  S  and 
R  respectively.  Then  SE  and  RE 
are  the  altitudes.  To  draw  the  cones,  lay  ofF  ST  equal  to  CS,  and 
RY  equal  to  CR.    Join  E  with  T  and  Y  and  the  cones  are 


Fig.  11. 


CYLINDERS  AND  CONES  CONNECTED  BY  BELTS. 

Frequently  two  shafts  must  be  connected  so  that  one  may 
drive  the  other,  aud  yet  they  are  so  far  apart  ibat  cylinders  cannot 
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be  placed  oa  them  which  will  touch  each  other.     In  this  case  it  is 
customary  to  place  oa  each  shaft  a  cylinder,  or  ptdley,  and  over 
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these  pnUeyB  stretch  a  band,  or  belt  made  of  some  flexible  mate- 
rial. The  pulleys  are  fastened  to  the  ahafta  so  that  the  pulley  and 
its  shaft  turn  t<^ther,  and  the  belt  h:  stretched  over  the  pulleya 
'  t  enough  so  that  the  friction  between  the  bolt  and  the  Bor&oe 


Fig.  13. 


*ol  the  pulley  is  sufficient  to  make  them  travel  with  the  same 
linear  velocity.  A  detailed  study  of  the  exact  manner  of  finding 
the  proper  locations  of  the  pulleys  and  drawing  the  pulleya  and 
belts  can  be  found  in  Mechanical  Drawing  Part  V,  so  thct  we  will 
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now  study  only  the  general  principles  involved,  particularly  with 
reference  to  making  the  necessary  calculations. 

The  principles  which  we  learned  above,  concerning  the  rela- 
tive speeds  of  two  cylinders  in  contact,  apply  also  to  two  pulleys 
connected  by  a  belt.  The  rule  governing  the  direction  of  rotation, 
however,  is  different.  When  the  connection  is  made  by  means  of 
a  belt,  the  relation  of  the  directions  of  rotation  depends  upon  the 
way  the  belt  is  put  around  the  pulleys.  If  the  belt  is  put  on  as 
shown  in  Fig.  12,  known  as  open  belt,  the  pulleys  will  turn  in  the 
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Fig.  14. 


Fig.  15. 
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same  direction.     If  the  belt  is  as  shown  in  Fig.  13,  known  as  a 
crossed  belt,  the  pulleys  will  turn  in  opposite  directions. 

Crowning  Pulleys.  The  outer  surface  of  pulleys,  instead  of 
being  made  cylindrical  is  often  made  of  larger  diameter  in  the 
middle,  as  shown  in  Fig.  14.  A  pulley  having  this  increase  of 
diameter  in  the  middle  is  said  to  have  a  crowned  face.  The  object 
of  the  crowning  is  to  help  the  belt  to  remain  on  the  pulley.  A 
belt  will  always  run  to  the  part  of  the  jmlley  which  is  largest  in 
diameter;  therefore,  if  the  diameter  increases  towards  the  middle, 
the  belt  will  tend  to  run  to  the  middle,  and  will  be  less  likely  to 
slip  off.     If  the  belt  is  to  be  at  different  places  on  the  pulley  at 
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different  times,  as  indicated  by  the  full  and  dotted  positions  in 
Fig.  15,  the  surface  cannot  be  crowned,  but  must  be  cylindrical. 

As  problems  similar  to  the  following  often  arise,  this  one 
should  be  studied  carefully  until  every  step  is  understood.  In 
Fig.  IG,  A,  is  a  shaft  turning  60  R.  P.  M.  in  the  direction  indi- 
cated by  the  arrow.  B  and  C  are  cylinders  over  which  a  strand  of 
cloth  is  to  pass  as  indicated,  the  cloth  passing  over  the  top  of  B 
and  under  the  bottom  of  C.  In  order  that  B  and  C  may  revolve 
in  proper  direction  a  crossed  belt  must  be  used  between  A  and  C, 


Fig.  16. 

as  shown.  B  is  24:  inches  in  diameter,  C  is  18  inches  in  diameter, 
and  the  cloth  is  to  travel  at  the  rate  of  120  feet  per  minute.  E  is 
a  pulley  15  inches  in  diameter,  which  drives  the  pulley  D,  on  tlie 
same  shaft  as  B.  F  is  a  pulley  18  inches  in  diameter,  driving 
pulley,  G,  on  the  same  shaft  as  C.  The  problem  is  to  find  the 
number  of  revolutions  of  B  and  C,  and  the  diameters  of  D  and  G. 
The  circumference  of  B  =  24  inches  X  ir  =  2  feet  X  ir  = 
6.2832  feet.  Therefore,  its  surface  velocity  if  it  made  one  R.  P.  M. 
would  be  6.2832  feet  per  minute.   But  since  it  is  to  have  a  surface 
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velocity  =  120  feet  per  minute  (equal  to  that  of  the  cloth)  its 
speed  must  be  120  divided  by  6.2832  =  19.1  R.  P.  M.  Eevolu- 
tions  of  C  are  found  in  the  same  way. 

18  inches  =  1.5  feet.  1.5  feet  X  3.1416=4.7124  feet  =- 
surface  speed. 

120  divided  by  4.7124  =  25.4  R.  P.  M. 

Now  from  formula  (3): 

Revs,  of  D  __  Diameter  of  E 
Revs,  of  E        Diameter  of  D 

and  since  the  revolutions  of  D  =  the  revolutions  of  B 


19.1     15 
60    ""a? 
19.1  a?  =  15  X  60 
X  =  47.12  + 
therefore,  pulley  D  is  47 J  inches 
in  diameter. 

Revs,  of  G       Diameter  of  F 


Fig.  17. 


Revs,  of  F 

Diameter  of  G 

25.4 

18 

60    "" 

X 

25.4  X  = 

18 

X  60 

X 

42., 

3  (approx.) 

therefore,  pulley 

Gis 

42.5  inches 

in  diameter. 


Taper  Cones.  Suppose  two  equal  frustums  of  cones  are 
arranged  on  parallel  shafts,  as  shown  in  Fig.  17.  Shaft  A,  turn- 
ing at  a  constant  speed,  can  be  made  to  drive  shaft  B  at  different 
speeds  by  changing  the  location  of  the  belt  on  the  cones.  In 
order  to  use  cones  with  a  straight  taper,  a  crossed  belt  should  be 
used.  If  an  open  belt  is  used,  the  cones  should  be  shaped  as 
shown  in  Fig.  18.  It  is  necessary  to  give  this  curvature  to  the 
face  in  order  to  keep  the  same  tension  on  the  belt  for  different 
positions.  With  a  crossed  belt  this  condition  is  fulfilled  by 
making  the  face  a  straight  line.  If  the  shafts  are  far  apart,  the 
straight  cones  are  sometimes  used  for  an  open  belt. 
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Since  the  calculations  for  finding  the  proper  shape  of  the 

cones  for  an  open  belt  are  difficult  and  are  not  often  needed,  we 

will  give  our  attention  only  to  the  straight  cones  for  a  crossed 

belt. 

In  Fig.  17  let  shaft  A  be  the  driver,  turning  at  a  constant 

speed  of  100  K.  P.  M.     The  small  end  of  the  cone  on  A  is  13 

inches  in  diameter.    We  wish  to  find 

the  diameter  of  the  large  end  of  the 

cone  on  B,  in  order  that  the  slowest 

speed  of  B  may  be  75  R.  P.  M.  Then, 

if   the   cones  are  alike,  to  find  the 

greatest  speed  of  B: 

R.P.  M.  of  A 
R.  P.  M.  of  B 


First 


■  ED 

100       HK 
75  ~    12 
75  HK  =  12  X  100 


1200 
Therefore  H  K  =  — ==—  =  16  inches. 

75 

Now,  if  the  cones  are  equal 

GL  =  ED  =  12 


and 
Then 


FC  =  HK  =  10. 
R.  P.  M.  of  A  ^ 
R.  P.  M.  of  B 
100  _  12 
X  16 

=    12    ^^  133 J, 


GL 
F  0 


X  = 


Therefore,  the  larger  ends  of  the  cones  must  be  16  inches  in 
diameter  and  B  will  have  a  variation  of  speed  from  75  R.  P.  M.  to 
133^  R.  P.  M.  The  length  of  the  cone  does  not  affect  the  ex- 
treme  speeds,  but  the  longer  the  cones  the  more  easily  the  inter- 
mediate speeds  may  be  obtained. 

Cones  arranged  as  explained  above  are  used  to  drive  drying 
machines  in  bleacheries  and  similar  places,  where  it  is  desired  to 
vary  the  speed  af  the  machine  according  to  the  weight  of  the  cloth 
which  is  being  dried.  Heavy  cloth  requires  a  longer  time  to  dry 
than  light  cloth  and  consequently  can  not  be  passed  through  the 
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machine  as  npidly .     Tapered  cones  are  also  found  in  rarioaB  cot- 
ton macbines. 

Stepped  Cones.  Stepped  cones  are  often  need  in  -piace  of  the 
tapered  cones.  These  are  really  a  eerieB  of  pulleys  side  by  aide  od 
a  Bhaft,  a  similar  seriea  being  placed  on  the  other  shaft  with  the 
large  pulley  on  the  second  shaft  in  line  with  the  small  pulley  on 
the  tirst  shaft.  The  arrangement  is  shown  in  Fig.  19.  In  practice 
the  several  pnlleys  which  make  np  the  stepped  cones  are  cast  to- 
gether, I>oth  cones  usually  being  cast  from  one  pattern.     The  cal- 


^ 


N 
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cnlation  for  the  diameters  of  the  end  steps  are  the  same  as  for  the 
end  diameters  for  the  cones  (Fig-  17).  Assuming  that  both  cones 
are  alike,  the  intermt^iate  stejis  can  be  fonnd  as  follows: — 

Decide  how  nmny  intermediate  steps  are  desired,  then  draw 
the  center  line  ST,  and  draw  the  lines  AB  and  CD  perpendicular 
to  ST  and  at  a  distance  apart  etjual  to  the  width  of  face  of  one 
step  multiplied  by  the  whole  number  of  st<-jis  minus  one.  Make 
CD  etinal  in  length  to  the  diameter  of  the  largest  step  and  AB 
equal  to  the  diameter  of  the  smallest  step.  Draw  AC  and  BD. 
Draw  EF  parallel  to  and  at  a  distance  from  CD  equal  to  the  width 
of  the  face  of  one  step.  The  distance  between  E  and  F,  the  points 
where  £F  intersects  AC  and  BD,  will  be  the  diameter  of  the  sec- 
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ond  step.  Other  steps  may  be  found  in  the  same  manner.  To  use 
this  method  all  steps  must  have  the  same  width  of  face.  It  would 
not  be  accurate  for  an  open  belt,  although  if  the  distance  between 
the  shafts  are  large  compared  with  the  diameter  of  the  cones,  an 
open  belt  might  not  give  trouble  on  cones  designed  in  this  way. 

Stepped  cones  are  very  commonly  used  for  driving  lathes  and 
other  machine  tools. 

EXAMPLES  FOR  PRACTICE. 

1.  A  shaft  making  115  revolutions  per  minute  has  keyed 

to  it  a  pulley  36  inches  in  diameter.     If  the  pulley  belted  to  the 

36- inch  pulley  is  26  inches  in  diameter,  how  many  revolutions  will 

it  make  per  minute  ? 

Ans.  160  revolutions,  (nearly.) 

2.  A  pulley  12  inches  in  diameter  makes  180  revolutions  per 
minute.  The  other  pulley  connected  by  belt  to  the  12.inch  pulley 
should  make  75  revolutions.    How  large  must  it  be  ? 

Ans.  28.8  inches  in  diameter. 

3.  A  motor  shaft  having  a  pulley  6  inches  in  diameter  makes 

840  revolutions.     If  this  speed  is  to  be  reduced  to  320  revolutions, 

what  size  pulley  should  be  used  ? 

Ans.  15|  inches  in  diameter. 

Disk  and  Roller.  Fig.  20  shows  a  device  by  means  of  which 
one  shaft  turning  always  in  the  same  direction  with  a  constant  speed 
may  drive  another  shaft,  which  is  at  right  angles  to  it,  in  either 
direction  and  at  different  speeds.  A  is  a  disk  on  the  end  of  the 
overhanging  shaft  S.  On  the  shaft  T  is  placed  a  roller  B  free  to 
be  moved  up  or  down  on  T,  but  on  a  key  so  that  it  must  turn  with 
the  shaft.  Some  sort  of  a  shipper  must  be  provided  to  hold  B  in 
the  desired  position  on  T.  When  one  shaft  turns  it  drives  the 
other  by  means  of  the  friction  between  A  and  B.  If  shaft  S  is  the 
driver,  turning  in  the  direction  indicated  by  the  arrow,  it  will 
cause  T  to  turn  in  the  direction  indicated  by  the  lower  arrow.  If 
it  is  desired  to  have  T  turn  in  the  opposite  direction,  keeping  the 
direction  of  S  the  same,  B  must  be  moved  up  above  the  center  line 
of  S  as  shown  dotted.  If  OB  is  the  distance  from  the  center  of 
disk  A  to  the  point  where  the  center  line  of  the  face  of  B  strikes 
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A,  and  LR  iB  the  radiuB  of  B,  we  liave  the  following  equation, — 
E.  P.  M.  of  B 


K.  P.  M.  of  A 


OR 
'  L  K 


(6) 


from  which,  knowing  the  speed  of  one,  the  speed  of  the  other  may 
be  calculated.  It  will  be  eet'ii  from  this  equation  that  if  OB  is 
decreased,  that  is,  if  Bis  moved  nearer  the  center  Hue  of  S,  the  speed 
of  B  will  decrease  if  A  is  the  driver,  or  the  speed  of  Awill  increase 
if  B  is  the  driver. 


Fig.  20, 


This  device  is  used  for  driving  drying  machines  where  the 
cloth  goes  from  another  machine  direct  to  the  drying  machine,  and  it 
is  essential  that  the  speed  of  the  two  should  be  adjusted  to  a  nicety, 
in  order  that  exuessivo  strain  may  not  come  upon  the  cloth.  It 
is  also  used  for  driving  the  feed  mechanism  on  machine  tools,  par. 
ticularly  drills. 

Example:  Suppose  the  disk  A  makes  70  revolutions  per 
minute  and  disk  B  131  revolutions.  If  OR  is  18  inches  what  is 
the  diameter  of  B  'i 

B.  P.  M.  of  B       OB  124  _  18 

R.  P.  JI.  of  A  ~  O  L   °''     70   ^  OL 
124  X  O  L  -  70  X  18 
-      oL^I^^ 

=  1(1. 1(>  inches  (about). 
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Diameter  would  be  2  X  10.16  =  20.32  inches  or  20 ^^  inches. 

EXAMPLE  FOR  PRACTICE. 

1.  Disc  B,  Fig.  20,  is  12  inches  in  diameter  and  makes  280 
revolutions  per  minute.  If  shaft  S  is  to  make  48  revolutions  per 
minute  how  far  from  the  center  must  the  circumference  of  B  be 
placed  ?  Ans.  35  inches. 

DISCONNECTING  AND  REVERSING  HECHANISMS. 

Tight  and  Loose  Pulleys.  Fig.  21  shows  a  very  common 
arrangement  of  pulleys,  whereby  the  shaft  A  may  be  stopped  while 
the  driving   shaft  B   continues  to  run.      Pulley  C  is  keyed  to 
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DRIVING  SHAFT 


Fig.  21. 


shaft  A,  while  pulley  D  is  free  to  run  on  A.  Pulley  E  has  its  face 
equal  in  width  to  the  sum  of  the  other  two  and  is  keyed  to  B. 
When  the  belt  is  in  the  position  shown  in  full  lines,  D  turns  with 
E,  while  shaft  A  remains  at  rest.  The  belt  is  guided  by  a  shipper 
and  when  it  is  desired  to  start  A,  the  belt  is  moved  into  the  posi- 
tion shown  by  the  dotted  lines. 

Jaw  Clutch.  Fig.  22  illustrates  an  arrangement  by  which 
the  gear,  or  pulley,  A  may  be  attached  to  turn  with  the  shaft,  or 
disconnected  so  as  to  turn  independently  of  the  shaft.  '  The  hub 
of  A  has  jaws  or  teeth  on  its  end,  and  the  sliding  piece  B  has  simi- 
lar teeth,  the  projections  on  B  fitting  into  the  indentations  of  A. 
The  shaft  may  turn  freely  in  A  while  B  slides  on  a  key  so  that  it 
must  turn  with  the  shaft.  When  B  is  in  the  position  shown,  the 
shaft  and  A  may  tui'n  independently  of  each  Other,  but  when  B  is 
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moved  to  the  left  so  that  its  teeth  engage  with  the  teeth  on  the 
hub  of  A,  it  serves  to  clamp  A  to  the  shaft.  The  principle  here 
involved  is  used  in  many  different  forms  of  clutches. 

Friction  Clutches.  A  jaw  clutch  such  as  illustrated  in  Fig. 
22,  if  thrown  in  while  the  shaft  or  gear  is  turning  brings  a  sudden 
shock  on  the  parts,  which  is  likely  to  cause  damage,  especially  if 
the  speed  is  high  and  much  power  is  transmitted.  C!onsequently, 
a  clutch  known  as  a  friction  clutch  is  often  used,  which,  as  its 
action  depends  upon  the  friction  between  two  parts,  will  impart 
motion  more  gradually  thereby  avoiding  the  shock.    Fig.  23  iUus- 


Fig.  22. 

trates  a  simple  clutch  of  this  kind.  B  is  a  piece  free  to  slide  on  a 
key,  and  held  in  position  by  a  shipper.  A  is  a  pulley  or  gear  loose 
on  the  shaft.  The  outer  surface  of  B  and  the  inner  surface  of  A 
are  tapered  to  fit  each  other.  When  B  is  thrown  to  the  left  it 
clamps  A  to  the  shaft  in  the  same  manner  as  the  jaw  clutch. 

Two  Clutches  for  Reversing.  Fig.  24  shows  how  two  clutches 
can  be  arranged  so  that  either  one  may  be  thrown  in,  thus  giving 
motion  to  the  shaft  in  either  direction.  The  clutches  are  similar 
in  principle  to  the  one  shown  in  Fig.  23.  The  left-hand  clutch  is 
shown  partly  cross -sectioned.  The  piece  A  is  attached  to  a  shipper 
which  when  moved  to  the  right  throws  in  the  right-hand  clutch; 
when  moved  to  the  left  throws  in  the  left-hand  clutch.  If  the  pul- 
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ley  of  tbe  right-hand  clutch  is  driven  by  an  open  belt  and  the  pul- 
ley of  the  left-hand  clutch  by  a  crosaed  belt,  the  shaft  will  be  driven 
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in  either  direction  according  as  one  or  the  other  clutch  is  thrown 
in.  When  A  is  in  the  position  shown  neither  clutch  is  in  and  the 
shaft  is  at  rest. 

SCREWS. 

The  Helix.     Since  ail  screws  depend  upon  a  curve  known  as 


Pig.  24. 
the  helix,  it  will  be  necessary  to  understand  something  about  this 
curve  before  attempting  the  study  of  the  screw. 

Take  a  cylindrical  piece  of  wood,  such  as  is  shown  in  Fig.  25, 
and  a  rectangular  piece  of  paper,  ABFE,  with  the  side  AB  equal 
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to  the  circumference  of  the  cylinder,  and  the  side  AE  equal  to  the 
length  of  the  cylinder.     Now,  if  we  lay  off  along  AE  a  distance 


Fig.  25. 

AD,  and  draw  the  line  DC  parallel  to  AB,  we  have  the  rectangle, 
ABCD.  Now  draw  the  diagonal,  AC,  of  the  rectangle  and  wrap 
the  paper  around  the  cylinder,  keeping  the  side  AE  on  an  element 
of  the  cylinder;  the  paper  will  just  cover  the  cylinder,  the  edge 


-PITCH 


2   3  4  5  6  7  8  9  10  II  12  I 

t    '    ' 


B 


BF  meeting  the  edge  AE.  The  point  C  will  coincide  with  D  and 
lie  on  the  same  element  of  the  cylinder  as  A  and  at  a  distance  from 
A  equal  to  AD.  The  shape  which  the  line  AC  now  takes  is  called 
a  helix,  and  the  distance  AD  is  called  the  pitch  of  the  helix.     If 
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we  choose  another  point,  H,  half-way  between  A  and  D,  and  draw 
a  line  HJ  parallel  to  AC,  this  line  when  wrapped  around  the  cyl- 
inder will  form  another  helix  of  the  same  pitch  as  the  first  one. 
The  two  together  form  what  may  be  called  a  double  helix.  If  the 
line  AD  is  divided  into  three  equal  parts  instead  of  two,  and  lines 


I    234.5676910  II  12  I 
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parallel  to  AC  be  drawn  from  each  of  the  points  of  division,  we 
would  have  on  the  cylinder  three  parallel  and  equidistant  helices 
of  the  same  pitch,  or  a  triple  helix.  Fig.  26  shows  a  single  right- 
hand  helix.  Fig.  27  a  single  left-hand  helix,  Fig.  28  a  double  right- 
hand  helix,  and  Fig.  29  a  triple  right-hand  helix. 

If  a  helical  groove  is  cut  on  the  surface  of  a  cylinder,  a  screw 

\^ PITCH 


Fig.  2a 

thread  is  formed,  the  thread  being  the  material  which  is  left  be- 
tween  the  successive  turns  of  the  helical  groove.  A  cylinder 
having  a  thread  on  it  is  called  a  screw,  and  a  piece  having  a  cyl- 
indrical hole  in  it,  with  a  thread  around  the  hole,  is  called  a  nut. 
The  groove  which  is  cut  to  form  the  thread  may  be  in  the  form  of 
a  single,  double  or  triple  helix,  and  either  right-hand  or  left-hand ; 
the  thread  would  be  described  in  the  same  terms. 
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Fig.  30  shows  a  right-hand  and  a  left-hand  single  Y  thread 
and  a  right-hand  and  a  left-hand  single  square  thread. 


PITCH 


Fig.  29. 

One  complete  turn  of  a  screw  causes  it  to  travel  through  i.s 
nut  a  distance  equal  to  its  pitch. 


LEFT-HAND  THREAD. 


LEFT-HAND  THREAD. 


UlCHT-HAND  THREAD.  RIGHT-HAND  THREAD. 

Fig.  3D. 

There  are  certain  principles  which  apply  and  certain  problems 
which  arise,  in  connection  with  all  forms  of  screws,  and  we  shall 
now  consider  some  of  the  most  important  of  these. 

Let  Fig.  31  represent  a  jack  screw.  The  pitch  of  the  screw 
is  P  inches;  the  length  of  the  bar  from  the  axis  of  the  screw  to 
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the  poiot  R,  where  the  force  is  applied,  is  A  inches.     A  force  of 
F  pounds  is  exerted  at  R,  raising  the  weight  W. 
The  following  equation  holds  trae, 

F  Distance  W  moves 

W       Distance  h'  moTes  ^'' 

Suppose  the  screw  to  be  turned  once;  then  F  will  move 
through  a  distance  approximately  eqaal  to  the  circumference  of  a 
circle  whose  radius  is  A;  that  is,  F  moves  a  distance  2  ir  A.  In 
turning  the  screw  once,  W  is  raised  a  distance  P.  Then,  snbsti- 
tnting,  in  equation  (~),  these  quantities  for  the  distances  which  F 
and  \V  respectively  move,  we  get 
F  P 

2irAF  =  'W  X  P 
Wx  P  =  2irA  X  F 

From  this  equation,  if  any 
three  of  the  quantities  F,  W, 
P  or  A  are  known,  the  fourth 
may  be  found,  P  and  A  must 
both  be  expressed  in  feet  or 
both  in  inches. 

For  example,  let  P  =  J  inch,  A 
Substituting  in  the  formule  we  get 

100 .25 

W  ~  2  X  3.1416  X  60 
.25  W=  37699.2 

'W=  150,797  pounds  (nearly). 


Fig.  31. 
5  feet,  F  =  100  ponndB. 


EXAMPLES  FOR  PRACTICE 


1.     Suppose  a  weight  of 
jack   screw.     The   pitch  is 


H),000  pounds  is  to  be  raised  by  a 
inch,  and  the  force  applied  is  125 
pounds.     What  must  be  the  length  of  the  barf 

Ans.     51  inches  (nearly). 

2.     What  should  be  the  pitch  of  the  screw  of  example  1  iF 

the  bar  is  made  0  feet  long?  Ans.     .28+  inches. 
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3.  A  jack  screw  has  the  following  dimensions:  Length  of 
arm,  5 J  feet;  pitch,  .125  inch.  If  200,000  pounds  are  to  be  raised 
what  force  must  be  applied  at  the  end  of  the  bar? 

Ans.     60  pounds. 

Combination  of  Screws.  Fig.  32  illustrates  a  method  by 
which  the  space  moved  through  by  the  nut  C  may  be  made  very 
small  in  comparison  with  the  space  moved  through  by  a  point  on 
the  circumference  of  the  hand  wheel,  without  using  a  very  fine 
pitch  on  the  screw.  Great  pressure  can  thus  be  produced  at  C  by 
a  small  force  on  the  wheel,  without  danger  of  stripping  the  thread, 
which  might  occur  if  the  screw  had  a  fine  pitch.  The  upper  part 
of  the  screw  E  has  a  coarse  thread  which  acts  in  the  nut  B,  this 
nut  being  rigid  with  the  frame  D.  The  lower  part  of  the  screw 
has  a  pitch  different  from  the  upper  part  and  acts  in  the  nut  C. 
C  is  free  to  slide  up  or  down  in  the  frame,  but  is  prevented  from 
turning  by  the  lips  L. 

Let  P  =  the  pitch  of  the  upper  part  of  the  screw  and  p  =  the 
pitch  of  the  lower  part,  both  threads  being  right-hand,  and  P  being 
greater  than  j>.  If  the  screw  were  attached  to  C  by  a  collar  in- 
stead of  being  threaded  into  it,  one  turn  of  the  screw  right-handed 
in  nut  B  would  cause  the  screw  to  advance  a  distance  P,  carrying 
C  forward  the  same  distance.  But  since  by  the  same  turn  the 
screw  has  drawn  nut  C  on  to  itself  a  distance  j9,  the  actual  distance, 
K,  which  C  has  advanced  is 

K  =  P-j,  (9) 

If  j>  were  greater  than  P,  K  would  have  a  minus  value;  that 
is,  C  would  actually  move  up  for  a  right-handed  turn  of  the  screw. 
If  one  of  the  screws  is  left-handed  and  the  other  right-handed,  the 
equation  would  become 

K  =  P  +  ^.  (lO) 

Let  P  =  J  inch  and  jp  =  -^\  inch,  and  let  both  screws  be  right- 
handed.  If  the  radius  A  of  the  hand  wheel  is  12  inches,  how 
much  pressure  can  be  exerted  at  C  by  a  force  of  50  pounds,  ap- 
plied to  the  circumference  of  the  wheel? 

The  same  principle  holds  here  as  in  the  case  of  a  simple 
screw;  that  is,  the  forces  exerted  are  inversely  as  the  distances 
moved  through,  or, 
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Force  at  wheel 


Travel  of  C 


(ii) 


Force  at  C  Travel  of  point  on  eircum.  of  wheel 

so  that  we  must  first  find  the  distance  C  moves  for  one  turn  of  the 
wheel.     Substituting  the  values  of  P  and  p  in  formula  (9),  we  get 


^  =  i-A'^iV  =  distance  C  moves  for  one  turn  of  the 


screw. 


The  distance  which  a  point  on  circumference  of  wheel  movee 


c 


HAND  .WHEEL 


Fig.  32. 

=  2  TT  A  =  2  X  3.1416  X  12  =  75.4  inches.    Substituting  these 
values  in  formula  (11)  we  get 


50 


^A 


Force  at  C  ~  75.4 
Solving,  we  get,  force  at  C  =  60,320  pounds. 
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BXAMPLB  FOR  PRACTICE. 

1.     Suppose  the  press  shown  in  Fig.  32  has  the  following 

dimensions:     P  =  y  inch, p  ==  I  inch,  and  the  force  at  C  is  to  be 

78,000  pounds.    What  force  must  be  applied  to  the  circumference 

of  the  wheel  if  it  is  14  inches  in  diameter? 

Ans.     60  pounds  (nearly). 

Worm  and  Wheel.  The  mechanism  known  as  worm  and 
wheel  consists  of  a  wheel,  as  A,  Fig.  33,  having  teeth  on  its  cir- 
cumference, and  a  screw  or  worm  W,  meshing  with  the  teeth  on 
the  wheel.  The  axis  on  which  the  wheel  is  fixed  is  usually  at 
right  angles  to  the  axis  of  the  worm.  If  the  worm  is  turned,  the 
action  between  it  and  the  teeth  on  the  wheel  is  similar  to  the 
action  between  a  screw  and  the  thread  in  a  nut,  so  that  the  wheel 
will  turn  also.  If  the  worm  is  single- threaded,  one  turn  of  the 
worm  will  cause  the  wheel  to  advance  one  tooth,  so  that  in  order 
for  the  wheel  to  make  one  complete  revolution,  as  many  turns  of 
the  worm  will  be  required  as  there  are  teeth  in  the  wheel.  If  the 
worm  is  double-threaded,  half  as  many  turns  will  be  required  as 
there  are  teeth  in  the  wheel;  if  the  worm  is  triple-threaded',  one- 
third  as  many  turns  will  be  required  as  there  are  teeth  in  the 
wheel. 

Suppose  the  worm  be  single-threaded  and  turned  by  a  crank 
whose  length  is  R;  let  the  worm  wheel  have  n  teeth  and  have  on 
its  shaft  a  cylinder  of  radius  K,  with  a  cord  wound  around  it  sup- 
porting the  weight  L.  If  a  force  of  F  pDunds  is  applied  to  the 
crank,  the  same  principle  holds  true  as  in  the  other  mechanisms 
which  we  have  studied,  namely, 

F       Distance  L  moves  .     . 

L        Distance  F  moves  ^     ^ 

If  the  worm  makes  one  revolution,  F  will  move  through  a 

distance  2  7r  R.      The    wheel   makes  —    revolutions,    and   conse- 

n 

quently   the  cylinder   to  which  L  is  attached  will  make  -    rev- 

olutions.     If   the   cylinder    made   a   whole  revolution    it    would 
raise  L  a  distance  equal  to  its  circumference  =  2  ^  K,  therefore, 

when  it  makes  one  revolution  it  will  raise  L  a  distance  —  —   Sub- 

n 

stituting  this  value  for  the  distance  L  moves,  in  formula  (12),  and 
substituting  for  distance  F  moves,  the  quantity  2  tt  R^  we  get 


MECHANISM. 


83 


2irK 


n 


2  ir  K 


2  IT  R       2  IT  «R 


Therefore, 


F 
L 


K 


nR 


(13) 


If  the  worm  is  double- threaded,  L  will  be  raised  twice  as  far 
for  one  turn  of  the  worm,  so  that  the  above  formula  would  become 
for  a  double-threaded  worm  and  wheel. 


2K 


L     nIL 


and  for  a  triple- threaded  worm  and  wheel, 

F_3K 
L       nil 


(14) 


(15) 


zJ  — 


Fig.  33. 

For  example,  a  single-threaded  worm  makes  180  revolutions 
per  minute  and  the  worm  wheel  has  30  teeth,  how  many  feet  per 
minute  will  a  weight  be  raised  if  the  cylinder  on  the  shaft  of  the 
worm  wheel  is  12  inches  in  diameter? 

For  each  revolution  of  the  worm  wheel  the  worm  must  make 
30  revolutions,  hence  the  worm  wheel  makes  6  revolutions  per 
minute.  The  circumference  of  the  cylinder  is  2  it  'R  or  2  X 
3.1410  X  6  =  37.699  inches  and  6  X  37.699  =  226.197  inches 
^  18.85  feet. 
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EXAMPLES  FOR  PRACTICE. 

1.  A  crank  of  18  inches  radius  is  attached  to  a  worm  of  a 
single  thread.  The  worm  wheel  has  48  teeth  and  is  attached  to  a 
drum  14  inches  in  diameter.  What  weight  can  be  raised  if  80 
potmds  is  applied  to  the  crank  ? 

Ans.  9874  pounds. 

2.  If  the  crank  in  above  device  is  given  216  revolutions  per 

minute  how  fast  will  the  weight  rise  ? 

Ans.  16J  feet  (nearly). 

3.  How  fast  would  it  rise  if  the  worm  has  a  double  thread  ? 

Answer  33  feet. 
CAMS. 

A  cam  js  a  plate  or  cylinder  having  a  curved  outline,  or  a 
curved  groove  in  it,  which,  by  its  rotation  about  a  fixed  axis,  im- 
parts a  backward  and  forward  motion  to  a  piece  in  contact  with  it. 
The  motion  imparted  to  the  follower  may  be  at  right  angles  to  or 
parallel  with  the  axis  of  the  cam,  or  at  some  other  angle. 

The  motions  which  cams  are  designed  to  give  to  their  followers 
commonly  belonged  to  one  of  the  following  kinds:  uniform  motion, 
harmonic  motion,  or  "gravity"  motion.  The  cam  may  give  one 
kind  of  motion  all  the  time  or  it  may  give  different  kinds  of  mo- 
tion at  different  stages  in  its  revolution. 

Before  studying  the  cams  themselves,  we  will  consider  the 
three  kinds  of  motions  mentioned. 

Uniform  Motion.  If  a  body  moves  through  equal  spaces  in 
equal  intervals  of  time,  it  is  said  to  have  uniform  motion,  that  is, 
its  velocity  is  constant. 

Harmonic  Motion.  If  a  point  as  C,  Fig.  34,  travels  around 
the  circumference  of  a  circle  with  uniform  velocity,  and  another 
point,  as  E,  travels  across  the  diameter  at  the  same  time  at  such  a 
velocity  that  it  is  always  at  the  point  where  a  perpendicular  let  fall 
from  C  would  meet  the  diameter,  the  point  E  would  be  said  to 
have  harmonic  motion.  Its  velocity  will  increase  from  the  start- 
ing point  A  until  it  reaches  the  center  O,  and  from  O  to  D  its 
velocity  gradually  decereases  to  zero  at  D. 

Qravity  Motion,  or  uniformly  accelerated  and  retarded  mo- 
tion, is  also  a  motion  where  the  velocity  gradually  increases  until 
it  reaches  a  maximum  at  the  middle  of  the  path  and  from  there 
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gradually  decreaseB  to  the  end.  The  rate  of  increase  and  decrease, 
however,  is  different  from  that  in  harmonic  motion,  the  velocity 
being  increased  in  gravity  motion,  by  equal  amounts  in  equal  in- 
tervals of  time,  the  spaces  traveled  over  in  successive  intervals  of 
time  being  in  the  ratio  of  1,  3,  5,  7,  etc.,  to  the  middle  of  the  path, 
and  decreasing  in  the  same  ratio  to  the  end. 

The  kind  of  motion  which  the  follower  is  desired  to  have  must 
be  taken  into  consideration  when  designing  a  cam. 

Plate  Cams.  Fig.  35  shows  a  plate  cam  designed  to  raise 
and  lower  the  follower  P  with  uniform  motion.  The  point  of  P 
is  raised  from  A  to  ^  while  the  cam  turns  right-handed  through 
two-thirds  of  a  revolution,  and  is  lowered  again  to  its  original  posi- 
tion during  the  remaining  one-third  of  a  revolution  of  the  cam.  In 
this  cam  the  line  of  motion  to  the  point  of  P  passes  through  the 
point  O,  which  is  the  center  of  the  shaft  on  which  the  cam  is  fixed. 


To  design  such  a  cam,  draw  a  circle  with  O  as  a  center  and 
passing  through  A.  Since  the  raising  of  P  is  to  take  place  during 
two-thirds  of  a  revolution,  right-handed,  find  a  point  E  on  the  cir- 
cumference of  the  circle,  such  that  the  arc  AHE  shall  be  §  of  the 
whole  circumference,  thus  leaving  arc  ACE  equal  to  J  of  the  cir- 
cumference. Divide  the  arc  AHE  into  any  number  of  equal  parts 
and  draw  the  radial  lines  OF,  OG,  etc.  Divide  Ke  into  the  same 
number  of  equal  parts  and  from  the  points  of  division  1,  2,  3,  etc., 
thus  found,  swing  arcs  around  the  center  O,  cutting  OF,  OG,  etc., 
at  points/*,  g^  etc.,  respectively.  A  smooth  curve  drawn  through 
A,y*,  ^,  etc.,  to  7/2,  will  give  the  outline  of  that  part  of  the  cam 
which  raises  P.  The  outline  of  the  rest  of  the  cam  is  found  in  a 
similar  manner,  by  dividing  arc  ACE  into  any  number  of  equal 
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parts  and  making  a  new  dirlBion  of  A^  into  the  same  nnmber  of 
eqoal  parts,  ( poiDte  il,  ••.  It.) 

Fig.  36  shows  a  cam  which  gives  the  same  motion  to  the  fol- 
lower as  was  given  by  the  cam  shown  in  Fig.  3->,  but  in  this  case 
the  line  of  motion  of  P.  instead  of  passing  through  O.  passes  a  dis- 
tance O'l  to  one  side  of  O.  The  onlj  ditfervnce  in  the  method  of 
designing  this  cam  from  that  previously  described  is  that  instead 
of  drawing  radial  lines  through  points  A,  F,  G,  etc.,  we  draw  lines 


1 


Pig.  35. 


through  tliesu  points  tangent  to  a  circle  drawn  with  centei   O  ant 
radiuB  Oft. 

If  in  Figs.  35  and  30  it  had  been  rHjuired  to  raise  P  with 
harmonic  motion  instead  of  uniform  motion,  tlm  only  difference  in 
construction  would  have  been  in  making  the  divisions  of  Ae. 
These  divisions,  instead  of  l>eing  equal,  would  be  found  as  shown 
on  a  larger  scale  in  Fig.  37.  On  the  line  Ac  as  a  diameter,  draw 
a  semicircle  and  divide  this  semicircle  into  as  many  equal  parts  as 
we  divided  the  arc  AliE  in  Figs.  35  and  36,     From  the  points 
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BCD,  etc,  (Fig.  37),  draw  perpendicnlars  to  line  Ac,  cutting  it 
at  points  1,  2,  3,  etc.  The  division  A  - 1,  1-2,  etc.,  thus  found, 
are  the  divisions  of  Ae  which  would  be  used  in  tinding  the  cam 
outline,  in  place  of  the  equal  divisions  which  were  used  for  uniform 
motion. 

Fig.  38  shows  how  Ae  would  be  divided  it  the  motion  were 


Fig.  36. 


to  be  "Gravity."  Since  Ae  is  to  be  divided  into  fts  many  equal 
parts  as  arc  AllE,  in  this  case  it  will  be  divided  into  eight  parts. 
Now  if  the  motion  which  the  cam  is  to  give  to  piece  P  is  to  be 
uniformly  accelerated  and  retarded  (that  is,  gravity  motion ) ,  Ae 
must  be  divided  in  such  a  way  that  the  distance  from  X  to  2  is 
three  times  the  distance  from  A  to  1;  the  distance  from  2  to  3  is 
five  times  the  distanco  from  A  to  1;  3  to  4  is  seven  times  A  to 
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1;  4  to  5  is  seven  times  A  to  1;  5  to  6  is  live  times  A  to  1;  6  to  7 
is  three  times  A  to  1;  and  7  to  6  is  equal  to  A  to  1.     Therefore 
the  whole  line  A<?  is  1  +  3+5+7+7+5  +  3+1  or  32  times  the 
distance  from  A  to  1,  or  in  other  words,  A~l  is  -^^  of  the  whole 
line  A^,  and  1-2  is  3*^  of  A*',  and  so  on.     To  divide  A^  so  that 
the  divisions  may  In^r  this  relation  to  each  other,  draw  the  line 
AR  at  any  convenient  angle,  and  choosing  any  convenient  distance 
as  a  unit,  mark  it  off  on  AR  thirty-two  times,  beginning  at  A. 
From  T,  the  last  of  these  dividing  points,  draw  a  line  to  e;  next 
find  the  points  li,  i\  D,  etc.,  as  follows:     B  is  the  first  division 
from  A,  C  tlie  third  from  li,  etc.,  thus  getting  the  divisions  of 
Al  in  the  ratio  1,  3,  5,  7,  7,  5,  3,  1.    From  the  points  B,  C,  D, 


Fig.  38. 

etc.,  draw  liru»«  parallel  to  L ,  meeting  A<'  at  1,  2,  3,  etc.,  which 
will  1)0  the  re(]iiiivcl  j)()ints  of  division. 

The  cams  which  we  have  been  considering  all  act  on  the  com- 
paratively sharp  end  of  the  j)iec»e  P,  and  consequently  much  fric- 
tion  and  rapid  wearing  will  result  if  much  power  is  transmitted. 
Fig.  HO  shows  a  cam  designed  to  act  on  a  roller.  The  outline  is 
first  found  for  a  cam  to  act  on  a  j)iece  like  those  in  the  preceding 
cases,  with  its  ])()int  at  the  center  of  the  roller.  This  curve 
is  shown  dotted  in  the  figure.  Next,  with  a  radius  equal  to  the 
radius  of  the  roller,  and  with  centers  at  any  number  of  points 
around  the  dotted  curve,  draw  arcs  as  shown.  A  smooth  curve 
drawn  tinn/tut  to  these  arcs  will  be  the  outline  of  the  cam  which 
is  to  act  on  the  roller. 
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Cylindrical  Cams.  A  plate  cam,  such  ae  we  have  beeo  cod- 
aideriQg,  can  be  deaigaed  to  give  almost  any  kind  of  motion  in  a 
plane  at  right  angles  to  the  axis  of  the  shaft  on  which  the  cam  is 
located,  but  can  not  give  motion 
parallel  to  the  axis  of  the  shaft. 
If,  however,  we  place  on  the  shaft 
a  cylinder  with  a  groove  cut  in 
it,  the  shape  of  the  groove  may  be 
made  auch  as  to  give  to  a  piece 
inserted  in  it  almost  any  motion 
along  the  shaft;  or,  if  the  depth 
of  the  groove  be  varied,  the  fol- 
lower may  be  given  a  motion 
which  shall  be  made  up  of  two 
components,  one  along  the  shaft 
and  one  at  right  angles  to  the 
shaft. 

Fig.  40  shows  two  views  of 
a  cam  designed  to  give  a  back- 
ward and  forward  motion  in  a 
line  parallel  to  the  axis  of  the 
shaft.  *'*K-^- 

Familiar  illustrations  of  the  use  of  plate  cams  are  found  in 
the   bobbin. winding   mechanism  on   some  sewing  machines;  on 


many  kinds  of  looms,  and  in  the  valve  gear  on  the  Brown  and 
other  steam  engines.     Cylindrical  cams  are  used  in  many  places 
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in  textile  work  and  in  machine  tools.     One  very  common  use  is  in 
stretchers  on  many  forms  of  cloth-finish^'ng  machinery. 

LEVERS. 

A  lever  is  a  rigid  piece  supported  at  some  point  called  the 
lulcrum,  and  so  arranged  that  when  force  is  applied  at  a  certain 
point  in  the  piece,  work  is  done  at  a  certain  other  point  by  reason 
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of  the  pivoting  action  around  the  fulcrum.  Figs.  41,  42  and  ^.3 
illustrate  the  three  common  kinds  of  levers^  the  difference  consist- 
ing in  the  relative  positions  of  the  force  applied  and  the  weight 
lifted,  with  respect  to  the  fulcrum.  *  In  any  of  the  three  cases,  if 
we  let  F  =  force  applied,  W  =  weight  lifted,  A  =  distance  from 
fulcrum  to  weight,  and  B  =  distance  from  fulcrum  to  F,  we  have 
the  following  equation: 

FxB  =  AxWor 
(I6)         ^  --B- 

from  which,  if  any  three  of  the 
quantities  are  known,  the  fourth 
may  be  found. 

Distance  A  is  called  the 
weight  arrn^  and  distance  B  is 
called  i\iQ power  aria.  The  pro- 
duct of  A  times  the  weight  is 
called  the  moment  of  the  weight,  and  the  product  of  B  limes  the 
force  is  called  the  moment  of  the  force.  Another  way  of  stating 
the  principle  expressed  in  equation  (16)  is: 

Moment  of  force  ■='-  moment  of  weight. 
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Example:  Suppose  a  weight  of  40  poands  is  hung  on  the 
end  of  a  lever.  If  the  distance  from  the  fulcrum  to  the  weight  is 
14  inches,  what  power  must  be  applied  to  raise  the  weight,  the 
listance  from  the  fulcrum  to  the  power  being  18  inches? 

Fx  B=  Ax  W 

F  X  18=  14  X  40 

Tj,      14X40 

=  31.11  pounds. 

Another  example:  Let  the  accompanying  diagram  represent 
a  safety  valve.  We  will  neglect  the  weight  of  the  lever  and  valve. 
Suppose  the  valve  V  has  an  area  of  3  square  inches  and  the  steam 
pressure  per  square  inch  is  36  pounds.  The  valve  is  5  inches 
from  the  fulcrum  and  the  weightis  32  inches  from  the  fulcrum. 
What  should  be  the  weight  of  the  ball  B? 


32" 


? 


36 


t 


First,  let  us  find  the  moment  of  power.  The  total  upward 
pressure  is  3  X  36  =  108,  because  the  total  steam  pressure  equals 
the  pressure  per  square  inch  multiplied  by  the  area. 

The  moment  of  power  is  108  X  5  =  540. 

The  moment  of  weight  is  32  X  B. 

Then  32  X  B  =  540 

540 


B  = 


32 


=  17  pounds  (nearly). 

Had  we  considered  the  weight  of  the  valve  and  lever,  we 
would  have  added  their  moments  to  that  of  the  weight,  because 
these  weights  increase  the  weight  but  not  the  power. 

If  in  addition  to  the  data  given  above,  the  lever  weighs  10 


327 


42  MECHANISM. 


pounds  and  its  center  of  gravity  is  at  its  center,  that  is,  16  inches 
from  the  fulcrum.     Then 

Moment  of  lever  =  10  X  16  =  160. 
The  valve  and  valve  spindle  weigh  8  pounds  and  are  5  inches 
from  the  fulcrum,  hence 

Moment  of  valve  =  8  X  5  =  40. 
Total  moment  of  weight  =  32  X  B  +  200. 
The  moment  of  power  is,  from  the  previous  example,  540, 
and  we  have  the  equation 


32  X  B  +  200  =  540 

32B  =  540-200. 
32  B  =  340 

B  =  ^  =  10.62  +  pounds. 

Thus  we  see  that  by  considering  the  weight  of  the  valve  and 
spindle  and  that  of  the  lever,  the  ball  can  be  reduced  in  weight 
from  17  to  10|  pounds. 

If  the  lever  is  curved  as  in  Fig.  44,  the  weight  arm  A  becomes 
the  length  of  the  perpendicular  from  the  fulcrum  to  the  line  of 
action  of  the  weight,  and  the  power  arm  B  the  length  of  the  per- 
pendicular from  the  fulcrum  to  the  line  of  action  of  the  force. 

LINK  WORK. 

Four-Bar  Linkage.  If  we  have  the  four  rods  AB,  BC,  CD 
and  DA,  Fig.  45,  each  connected  to  two  of  the  others  by  pin  and 
eye  joints,  each  rod  becomes  what  is  called  a  link,  and  the  whole 
forms  a  four-bar  linkage.  If  the  link  AB  is  fixed  in  a  position 
(as  regards  the  frame  of  the  machine)  the  pins  at  A  and  B  become 
fixed  centers,  the  links  AD  and  BC  become  what  are  called  cranks, 
and  the  link  CD  becomes  a  connecting  link  or  connecting  rod.  If 
AD  is  caused  to  turn  with  a  uniform  angular  speed  about  the  pin 
of  A,  that  is,  turning  through  equal  angles  in  equal  periods  of  time, 
BC  will  be  compelled  to  turn  with  some  sort  of  motion  about  pin 
B.  Whether  BC  shall  have  uniform  angular  motion  and  whether 
it  shall  make  complete  revolutions  for  complete  revolutions  of  AD, 
will  depend  upon  the  relative  lengths  of  the  four  links. 

The  center  line  drawn  through  the  fixed  link  AB  is  called  the 
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line  of  centers,  and  the  center  line  drawn  through  the  connecting 
rod  CD  is  called  the  line  of  connection.  Whatever  the  relative 
lengths  of  the  various  links,  the  following  law  holds  true  for  any 
position  of  the  linkage. 

Angular  velocity  of  crank  A  D BH BE  . 

Angular  velocity  of  crank  BC       AK       AE  \  ^) 

That  is,  if  at  any  given  instant  the  connecting  rod  be  im- 
agined removed  and  the  cranks  continue  turning  at  the  same  speed 
at  which  they  were  moving  when 
the  connecting  rod  was  removed, 
the  number  of  turns  of  the  cranks 
in  a  given  period  of  time  would 
be  to  each  other  inversely  as  the 
lengths  of  the  perpendiculars 
drawn  from  the  respective  fixed 
centers  to  the  line  of  connection, 
and  also  inversely  as  the  dis-  *^* 

tances  from  the  fixed  centers  to 

the  point  where  the  line  of  connection  meets  the  line  of  centers.  A 
mathematical  proof  can  be  given  for  this  law,  but  it  will  not  be 
considered  here. 

If  the  fixed  link  AB  is  made  equal  in  length  to  the  connect- 
ing rod  DC,  and  the  two  cranks  are  equal  (see  Fig.  46),  the  con- 


necting rod  will  always  be  parallel  to  the  fixed  link,  and  the  per- 
pendiculars BH  and  AK  will  always  be  equal,  so  that  from  equa- 
tion (17)  it  will  be  evident  that  the  speeds  of  the  cranks  are  always 
e^ual.  An  example  of  a  linkage  of  this  kind  is  found  in  the  par- 
allel rod  connecting  the  drivers  of  a  locomotive,  as  shown  in  Fig. 
47.    The  axles  of  the  drivers  form  the  fixed  centers  A  and  B,  the 
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frame  of  the  locomotive  forms  the  fixed  link  AB,  the  drivers  them- 
selves form  the  craoks  AD  and  BO,  and  the  parallel  rod  forms  tiie 
connecting  link. 

Crank  and  Connecting  Rod.     In  the  four-bar  linkage  shown 
in  Fig.  45,  the  pin  C  is  compelled  by  crank  BC  to  move  on  the 


Fig.  40. 

arc  of  a  circle  whose  center  ia  B  and  radius  BC.  If  in  place  of 
BO  the  fixed  link  is  formed  as  shown  in  Fig.  48,  being  provided 
with  a  slot  whose  radius  is  BC  and  center  is  B,  the  pin  0  on  the  end 
of  the  connecting  rod  will  have  exactly  the  same  motion  that  it 
would  if  guided  by  the  crank  BC.     Now,  if  the  radius  of  the  slot 


Fig.  17. 

is  gradually  increased,  the  slot  will  become  nearer  and  nearer  to 
being  straight,  so  that  the  linkage  shown  in  Fig.  49,  where  the 
slot  is  straight,  may  be  said  to  be  the  limiting  case  of  the  linkage 
shown  in  Fig.  48.  This  ia  the  linkage  which  we  have  in  the  crank, 
connecting  rod,  crosshead  and  crosshead  guides  of  a  steam  engine. 
The  crank  shaft  corresponds  to  the  pin  A,  the  frame  and  guides 
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take  the  place  of  the  slotted  link  AC,  DC  is  the  connecting  rod, 
and  AD  the  crank. 

As  there  are  many  problems  which  may  arise  in  connection 
with  this  linkage,  particularly  as  applied  to  the  steam  engine,  we 
will  consider  the  most  important. 


Fig.  50  shows  the  same  linkage,  the  links  being  represented 
by  their  center  lines  only.  A  I)  is  the  crank,  DC  the  connect- 
ing nxl,  ( '  the  crosshead  and  A(3  the  center  line  through  the  crank 
shaft  and  the  guides. 

Suppose  the  crank  has  a  length  li  and  is  making  N  revolu- 
tions  per  minute  at  a  uniform  speed,  to  find  how  fast  the  crosshead 
is  moving  at  any  given  position  of  the  crank. 


A  C 

Fig.  49. 

AVe  will  solve  this  problem  partly  graphically  and  partly  by 
calculation.  The  first  step  is  to  find  how  fast  the  crank  pin  D  is 
moving.  For  one  turn  of  the  crank,  D  travels  through  a  distance 
equal  to  the  circumference  of  a  circle  whose  radius  is  R,  that  is,  a 
distance  of  2  tt  R.  If  the  crank  turns  N  times  per  minute  the 
velocity  of  D  must  be  2  tt  RN.  Knowing  the  value  of  R  and  N, 
for  any  particular  case  we  can  substite  in  this  formula  and  find  the 
actual  velocity  of  D.  Next  draw  the  linkage  at  a  convenient  scale,  in 
the  position  in  which  it  is  desired  to  find  the  velocity  of  C.  Draw  D(/ 
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perpeudicnlar  to  AD  and  make  its  length  represent  at  a  convenient 
wale  (DOt  necessarily  the  same  scale  as  was  used  for  the  links)  the 
calculated  velocity  of  D.  This  repreeents  the  actual  velocity  and 
direction  of  motion  ot  the  end  D  of  the  connecting  rod  at  the  in- 
stant under  consideration.  Now  resolve  the  velocity  Dd  into  its 
coHipuneiits,  along  and  at  right  angles  to  DC,  by  prolonging  the 


H  C 

Fig.  m. 

line  DC  anddmwing  f/E  jicrpendieiilar  to  it.  The  component  DE 
is  the  only  one  wliich  has  any  effect  on  the  motion  uf  the  [Htint  ('. 
We  have  already  learned  that  the  motion  of  the  two  ends  of  a.  rod 
rtinst  have  their  components  along  the  rod  equal,  therefore  lay  of! 
from  C,  ('F  —  DE.  The  actual  motion  of  (!  is  along  the  line  CA, 
and,  lis  (,'F  is  one  component  of  the  motion,  the  other  component 


Fie.  ■'il. 
iruisl  he  jwrpendicular  to  CF,  therefore  draw  KIl  perpendicular  to 
CF  ami  meeting  CA  at  II.     Then  CU  is  the  velocity  of  [loint  C 
at  till'  name  scale  at  which  Di/  was  drawn. 

Eccentric.  The  eccentric  and  eccentricrod  linkage  is  in 
principle  the  same  as  the  crank  and  connecting  rod.  To  trace  out 
the  connection  twtween  the  two,  let  lis  consider  the  crank  and  con- 
necting rod  shown  in  F'ig,  51.  Here  the  crank  pin  D  is  large  and 
comes  almost  to  the  center  of  the  shaft  A.     By  increasing  still 
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further  tlie  diameter  of  the  pin  D,  so  that  it  will  take  in  the  shaft, 
ns  shown  in  Fig.  52,  we  obtain  the  eccentric. 

Considering  again  the  crank  and  connecting  rod  linkage:  Sup- 
pose that  in  Fig.  58  a  force  F  is  applied  at  the  crank  pin  D  in  a 
direction  jierj^ndicnlar  to  the  center  line  AD;  then  the  preesure 
which  wonid  be  exerted  by  the  slide  (.'  conld  be  fonnd  liy  the  same 
principle  which  we  have  nswl  in  previous  cases,  namely,  the  forces 
art!  inversely  |iro|K)rtiDnal  to  the  velocities.  Ix't  F  Ik)  the  force  at 
M,  and  V  tlie  prt^ssure  at  ('.  Assume  any  velocity  of  the  point  D 
and  represent  this  at  some  scale  by  the  line  D'/  perpendicular  to 
AT>.  Then  find  the  velocity  CH  of  the  jtoint  C  along  the  line  AC, 
in  the  RHine  manner  as  in  Fig.  50.  The  value  of  CH  can  be  meas- 
ured olf  at  the  same  scale  at  which  D'/  was  drawn.     Then 


Fig.  52. 


from  which,  if  one  of  the  quantities  F  or  P  is  known,  the  other 
may  be  found. 

If  the  value  of  CK  is  found  for  various  positions  of  AD,  keep- 
ing Dtl  constant,  it  will  be  seen  that  the  nearer  AD  comes  tu 
coinciding  with  AC,  the  smaller  CH  becomes,  and  from  equation 
(IH)  it  will  appear  that  the  smaller  CH  is,  the  greater  P  becomes 
with  relation  to  F.  The  above  discussion  will  hold  true  if  the 
force  acta  in  the  direction  Drf  or  in  the  opposite  direction. 

The  linkage  used  in  this  way  to  effect  pressure  at  r  by  a  force 
on  D  is  known  as  the  toggle  Joint,  and  is  used  with  more  or  lees 
moditioation  in  several  kinds  of  machinery,  such  as  punching  ma. 
chines,  hi-akes  on  the  drivers  of  -i  locomotive,  etc.     The  force  need 
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not  be  applied  at  D,  but  may  be  applied  at  some  other  point  on 
AD,  or  on  some  piece  rigidly  connected  to  AD  but  making  an 
angle  with  it.  This  is  shown  in  Fig.  54.  Here  the  force  is  ap- 
plied at  E,  and  we  can  find  the  force  at  C  by  the  same  principle 
as  before:     The  force  at  C  is  to  force  at  E  inversely  as  the  veloci- 


Fig.  53. 


ties  of  C  and  E.     The  only  difference  is  in  finding  the  velocity  of 
C.     Assume  a  velocity  for  E,  as  Et\     Then 


Velocity  E       AE 
Velocity  D  ■""  A  D 


(19) 


from  which  the  velocity  of  D  may  be  found;  the  rest  of  the  solu 
tion  would  be  the  same  as  for  Fig.  53. 


These  problems  may  be  solved  by  another  and  perhaps  some- 
what  shorter  method,  but,  as  this  would  involve  the  resolution  of 
forces,  which  have  not  yet  been  taken  up  in  detail,  we  will  confine 
ourselves  to  the  above  method. 
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QUICK  RETURN  MOTIONS. 

In  various  kinds  of  machinery,  particularly  machine  tools,  it 
is  desired  to  move  a  piece  backward  and  forward;  the  forward 
motion  being  slow  and  the  return  motion  more  rapid.  Take  for 
example  the  shaper;  as  the  tool  when  moving  forward  is  cutting 
metal,  it  should  go  slowly  and  steadily,  but  after  the  cut  is  made 
it  is  desirable  to  get  the  tool  back  ready  for  its  next  stroke  as 
(juickly  as  possible.  Many  different  devices  are  used  to  accom- 
plish  this  result. 

If  in  Fig.  45  we  replace  the  connecting  rod  DC  by  a  slot  in 
the  link  BC,  we  get  the  linkage  shown  in  Fig.  55.  A  and  B  are 
the  fixed  centers,  AT)  is  the  driving  crank  (which  usually  turns 


Fi^.  55. 

with  uniform  speed),  BD  is  the  slotted  crank  and  to  some  part  of 
Bl)  a  link  or  some  other  piece  is  connected  by  means  of  which  the 
tool  is  driven.  Two  distinct  mechanisms  are  formed,  depending 
upon  the  n^lative  lengths  of  the  links.  If  the  proportions  are  such 
that  a  circle  drawn  around  the  center  A,  with  radius  AD,  falls 
outside  the  center  B,  as  shown  in  Fig.  56,  we  have  what  is  known 
as  a  Whitworth  quick  return  motion.  Here  the  slotted  crank 
makes  one  complete  revolution  for  each  complete  revolution  of 
AD,  but  its  speed  is  not  uniform.  In  this  figure,  a  connecting 
rod  I^r  is  represented  as  attached  to  a  point  P  on  the  slotted  link. 
The  other  end  of  this  connecting  rod  moves  the  tool  holder  T 
along  the  straight  line  BT.  When  the  linkage  is  in  the  position 
shown,  T  is  in  its  extreme  right-hand  position,  and  it  will  be  in  its 
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extreme  left-hand  position  when  BP  occupies  the  position   BP,. 

In  turning  BP  through  this  angle  ( ISO'^),  AD  has  turned  through 

the  angle  L.     In  returning  BP  to  its  right-hand  position  again, 

AD  has  to  turn  through  the  angle  M  only.    Now,  since  AD  turns 

with  uniform  speed  and  since  angle  M  is  less  than  angle  L,  T 

makes  its  stroke  from  left  to  right  in  less  time  than  was  required 

to  move  from  right  to  left.     The  time  of  advance  and  time  of 

return  are  in  the  ratio  of  angles  L  and  M.     If  the  length  of  the 

crank  AD  and  the  ratio  of  time  of  advance  to  return  are  known 
the  distance  AB  may  be  found  as  follows: 


Fig.  56. 

With  A  as  a  center  and  AD  as  a  radius,  draw  a  circle  and 
divide  the  circumference  by  the  points  1)  and  D,  so  that  angle  L 
may  bear  the  same  ratio  to  angle  M  that  the  time  of  advance  bears 
to  the  time  of  return.  Join  D  and  D,  and  from  A  draw  a  line 
perj)endicular  to  DI)^,  meeting  it  at  B,  which  will  be  the  recjuired 
center  for  the  driven  crank. 

The  distance  BP  governs  the  length  of  the  stroke  of  the  tool, 
so  that  by  varying  the  position  of  P  the  length  of  the  stroke  may 
be  varied. 

If  the  proportions  of  the  linkage  are  such  that  a  circle  drawn 
with  A  as  a  center  and  a  radius  AD  comas  inside  the  point  B, 
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that  is,  if  AD  is  less  than  AB^we  have  what  is  known  as  a  swing- 
ing block  linkage.  Fig.  57  shows  this  form  of  quick  return  mo- 
tion. The  piece  which  drives  the  tool  is  attached  to  the  slotted 
link  at  P,  which  may  be  anywhere  along  the  link.  The  linkage  is 
shown  at  the  extreme  right  of  its  stroke,  tlie  point  D  being  at  the 
point  where  the  center  line  of  the  slot  is  tangent  to  the  circle 
drawn  with  center  A  and  radius  AD,  (that  is,  the  length  of  the 
driving  crank).      AD,  is  the  corresponding  position  of  the  crank 


Fig.  57. 

at  the  other  extreme  of  the  stroke.  The  time  of  advance  is  to  the 
time  of  return  as  angle  L  is  to  angle  M,  as  in  the  case  of  the 
Whitworth  quick  return.  If  the  ratio  of  advance  to  return  and 
the  length  of  AD  are  known,  the  position  of  B  may  be  found  by 
drawing  the  circle  with  center  A  and  radius  AD,  and  on  this  circle 
finding  points  D  and  D^  such  that  the  angles  L  and  M  shall  have 
the  required  ratio.  Then  draw  DB  and  D,B  tangent  to  the  circle 
at  D  and  D,  respectively,  meeting  each  other  at  B,  which  is  the 
required  center  for  the  driven  crank. 
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QEARINQ. 

If  shaft  B,  Fig.  58,  has  fastened  to  it  a  disc  with  smooth  cir- 
cumference, the  disc  being  in  contact  at  the  point  P  with  another 
disc  on  shaft  A,  the  rotation  of  one  shaft  will  cause  the  other  to 
rotate,  provided  there  is  suflicient  friction  between  the  two  sur- 
faces to  prevent  slipping.  According  to  the  principles  which  we 
have  already  learned,  the  following  equation  will  hold  true: 

Revolutions  per  minute  of  A B  P 

Kevolutions  per  minute  of  B       A  P 

In  practice,  the  friction  would  not  be  suflicient  to  be  relied 
upon,  so  that  discs  having  teeth  upon  their  circumference  are  used, 
instead  of  the  plain  discs.  The  discs  or  wheels  thus  formed  are 
called  gears.  The  teeth  may  have  any  one  of  several  forms,  and 
the  gears  may  connect  shafts  which  are  parallel,  intersecting  at 
some  angle,  or  neither  parallel  nor  intersecting.     Two  gears  such 

as  shown  in  Fig.  59,  where  the  shafts 
are  parallel  and  the  teeth  on  the  cir- 
cumference are  parallel  to  the  axis 
of  the  gear,  are  called  spur  gears. 

The    two   dot   and  dash   circles 
drawn   about  the  centers  A  and   B 
Fig.  58.  and  in  contact  at  P  correspond  to 

the  two  discs  of  Fig.  58,  and  the  gears  may  be  said  to  be 
derived  from  these  circles,  which  are  called  the  pitch  circles. 
The  diameters  of  these  circles  are  called  the  pitch  diameters 
of  the  gears.  The  point  P,  where  the  two  pitch  circles  touch 
each  other,  is  called  the  jntch  pomt.  Circles  drawn  through 
the  outer  ends  of  the  teeth  are  called  the  addend  nut  rlrles,, 
and  circles  drawn  at  the  bottom  of  the  teeth  are  called  the 
root  circles.  These  circles  are  indicated  on  the  figure.  That  part 
of  the  tooth  outlined  between  the  pitch  circle  and  the  addendum 
circle,'  as  PE,  is  called  the  face  of  the  tooth,  and  that  part  between 
the  pitch  circle  and  the  root  circle,  as  PF,  is  called  the  flank. 
The  radius  of  the  addendum  circle  minus  the  radius  of  the  pitch 
circle  is  called  the  addendum  distance,  or  simply  the  addend  inn. 
The  radius  of  the  pitch  circle  minus  the  radius  of  the  root  circle 
is  called  the  root  distance  or  the  root.     The  root  is  commonly 
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niadti  a  little  greater  than  the  addendum,  tut  tliHt  wheit  two  gears 
have  their  pitch  circles  in  contact,  if  their  teeth  are  of  equal  length 
they  will  not  touch  bottom,  but  will  have  some  clearance.  The 
distance  from  the  center  of  one  tooth  to  the  center  of  the  next, 
uieatjtired  on  the  pitch  circle,  as  (ill,  is  called  the  circular  pitch, 
or  circinnferentis)  pitch,  and  i^  eijual  to  the  (.'irciimference  of  the 
pitch  circle  divided  by  the  numl)er  of  teeth. 

In  order  to  run  together,  two  gears  must  have  the  same  cir- 
cular pitch.  The  number  of  teeth  on  two  gears  of  the  same  pitch 
lire  proportional  to  the  circumferences,  and,  consequently,  to  the 
diameters  of  their  jiitcli  circles;  and  as  the  s]>eeds  of  the  two  shafts 


FiK.  59. 
wliicli  are  coiinected  by  a  pair  of  gears  are  inversely  proportional 
tothediameterKof  the  pitch  circles  of  the  gears,  the  s|>eeds  must  also 
lie  inven«?ly  proportional  to  the  number  of  teeth. 

On  rough  gears  the  width  of  the  tooth  l.M  is  made  a  little 
less  than  the  width  of  the  sjiace  111.,  to  allow  for  irregnhirity  of 
construction.  Tlie  difference  in  the  width  of  the  two  is  calle<l  the 
f»/rk  hlHh. 

Although  the  circular  pitch  is  a  term  which  is  frequently 
used  in  connection  with  gearing,  there  is  another  kind  of  pitch 
which  is  often  used.  This  is  the  diametral  pitch,  and  is  equal  to 
t)ie  diameter  of  the  pitch  circle  divided  by  the  namber  of  teeth, 
or,  in  other  words,  the  amount  of  pitch  diameter  allowed  for  each 
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tooth.  The  diametral  pitch  bears  the  same  relations  to  the  circu- 
lar pitch  that  the  diameter  of  a  circle  bears  to  its  circumference; 
that  is,  the  diametml  pitch  is  equal  to  the  circular  pitch  divided 
by  tr.  In  sjjeaking  of  the  ])itch  of  a  gear,  instead  of  using  the 
diametral  pitch,  which  is  often  a  fraction,  it  is  customary  to  use 
only  the  denominator  of  the  fraction.  For  example,  if  the 
diametral  pitch  is  A  inch,  it  would  be  spoken  of  as  a  2-pitch  gear. 
This  would  be  the  same  as  saying  that  for  every  inch  of  pitch 
diameter  there  are  two  teeth. 

Problems  similar  to  the  following  often  arise  in  this  connin;- 
tion: 

1.  Given  two  gears,  4  pitch,  having  12  teeth  and  16  teeth 
respectively,  lo  lind  their  ])itch  diameters  and  the  distance  apart 
that  their  centers  should  be  located,  to  run  properly. 

Since  they  are  4  pitch,  their  diametral  pitch  is  J  inch  and 
their  pitch  diameters  will  be  their  numbers  of  teeth  multiplied  by 
^,  so  that  one  would  be  12  X  J  =  3  inches  in  diameter,  and  the 
other  IB  X  J  =  4  inches  in  diameter.  The  distance  on  centers  will 
be  the  sum  of  their  pitch  radii  =^  2  +  .1  =  'U  inches. 

2.  (liven  two  gears,  8  pitch,  having  diameters  0  and  10 
inches  respectively,  to  lind  the  number  of  teeth. 

The  ex])ression  '*  8  pitch,"  besides  meaning  that  the  diametral 
pit<?h  is  ^  inch,  means  that  there  are  8  teeth  for  every  inch  of 
diameter,  so  that  one  gear  will  have 

8  X    ()  =  48  teeth 
and  the  other     8  X  10  =  80  teeth. 

lieferring  again  to  Fig.  51):  If  gear  A  is  driving  the  other 
gear  in  the  direction  indicattnl,  there  is  a  working  point  of  contact 
between  the  teeth  of  the  two  gears  at  J  and  another  at  K,  and  as 
the  gears  turn  and  the  teeth  slide  along  each  other,  the  point  where 
a  pair  of  teeth  is  in  contact  changes.  If  from  the  point  of  contact, 
as  J,  a  line  is  drawn  to  the  pitch  P,  the  tooth  curves  should  have 
.such  form  that  this  line  is  normal  to  both  curves  at  J;  that  is^  PJ 
should  be  perpendicular  to  a  line  drawn  tangent  to  both  curves  at 
J.  This  condition  should  hold,  wherever  the  point  of  contact  may 
l>e,  in  order  that  the  gears  may  run  smoothly. 

There  are  two  kinds  of  curves  which  are  commonly  used  for 
the  outlines  of  gear  teeth,  and  which  fulfill  the  above  conditions. 
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lliese  are  the  involute  and  the  epicydoidal  curves.  Fi^.  00 
showB  a  j)air  of  gears  with  e[)ic*ycloidal  teeth  and  Fig.  61  shows 
parts  of  two  gears  with  involute  teeth.  The  construction  for  get- 
ting the  tooth  outlines  is  shown  in  the  figures,  but  as  this  properly 
comes  under  the  subject  of  drawing,  and  is  not  essential  to  an 
understanding  of  gears  in  general,  it  will  not  be  explained  here. 


Fig.  62. 

Annular  Gears.  An  annular  gear  is  a  ring  with  teeth  on  its 
inside  edge.  Fig.  02  shows  such  a  gear  with  center  at  A,  mesh- 
ing with  a  small  spur  gear  called  the  pinion. 

Rack  and  Pinion.  A  rack  is  a  gear  whose  pitch  line  is  a 
straight  line  instead  of  a  circle.  Fig.  03  shows  an  epicydoidal 
rack  in  gear  with  a  pinion. 
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Bevel  Gears.  When  two  sliaftB  whose  axes  intersect  are  to 
be  connected  by  gears,  the  gears  commonly  used  are  called  bevel 
gears.  The  theoretically  correct  pitch  sur&ce  of  a  bevel  gear  is  a 
part  of  the  sector  of  a  sphere,  but  as  the  designing  and  making 
of  snch  a  gear  is  somewhat  difficult,  a  cone  is  substituted  fur  a 
■phere.     Fig.  64  shows  a  pair  of  bevel  gears  connecting  two  shafts 


Pig.  w. 
which  are  at  right  angles.     O  is  the  point  where  the  center  lines 
of  the  shaft  intersect,  OPA  and  OPB  are  the  j»jfcA  coufn  of  the 
if^'ars,  AP  and  BP  the  pitch  diameters. 

The  speed  of  the  shaft  8  is  to  Uie  speed  of  the  shaft  T  as  A  P 
is  to  BP.  The  teeth  may  be  epicycloidal  or  involute,  and  the 
shafts  may  be  at  right  anglef  at  at  some  other  angle. 


THE  STEAM  ENGINE 


There  are  various  kinds  of  engines  from  which  mechanical 
work  is  obtained  by  the  expenditure  of  heat.  In  the  gas  engine  a 
mixture  of  gas  and  air  is  burned  in  the  cylinder,  the  heat  thus 
generated  being  converted  into  work  by  the  expansion  of  the 
products  of  combustion.  The  action  in  oil  and  hot-air  engines 
is  very  similar.  The  most  imiK)rtant  of  all  heat  engines,  however, 
is  the  steam  engine,  in  Avliich  the  heat  in  steam  is  transformed  into 
work.  It  will  be  useful  to  7e view  briefly  some  of  the  stages  through 
which  it  has  passed  in  its  development. 

The  fii'st  steam  engines  of  which  we  Iiave  any  knowledge  were 
described  by  Hero  of  Alexandria,  in  a  book  written  two  centuries 
before  Christ.  Some  of  them  were  very  ingenious,  but  the  Iwst 
were  little  more  than  toys.  From  the  time  of  Hero  until  the 
seventeenth  century  there  was  very  little  progress.  At  this  time 
there  began  to  be  great  need  of  steam  pumps  to  remove  Avater 
from  the  coal  mines.  In  1615,  Salomon  de  Cans  devised  the 
following  arrangement.  A  vessel,  liaving  a  pipe  leading  from  tlie 
lK)ttoin,  wjis  filled  with  water  and  then  closed.  Heat  applied  to 
the  vessel  caused  steam  to  be  formed,  which  forced  the  water 
through  the  pipe. 

A  little  later  an  engine  was  constructed  in  tlie  foi-m  of  a  steam 
turbine;  but  it  was  unsuccessful,  and  the  attention  of  inventors 
was  again  turned  to  jmmps. 

Finally  Thomas  Savery  completed,  in  1693,  the  first  com' 
9nrrciaIIf/  succesaful  steam  engine.  It  was  very  wasteful  of  steam 
as  compared  with  our  engines  of  today,  but  as  being  the  firat 
engine  to  accomplish  its  task  it  was  a  grand  success.  Savery's 
engine  (Fig.  1)  consisted  of  two  oval  vessels  placed  side  by  side 
and  in  communication  with  a  boiler.  The  lower  parts  were  con- 
nected bv  tubes  fitted  with  suitable  valves.  Steam  from  the 
boiler  was  admitted  to  one  of  the  vessels  and  the  air  driven  out. 
The  steam  was  then  condensed  and  a  vacuum  formed  by  letting 
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water  play  over  the  surface  of  the  vessel.  When  the  valve 
opened,  this  vacuum  drew  water  from  below  until  the  vessel  was 
full.  The  valve  was  then  closed  and  steam  again  admitted,  so 
that  on  opening  the  second  valve  the  water  was  forced  out 
through  the  delivery  pipe.  The  two  vessels  worked  Alternately. 
When  one  was  filling  with  water,  the  other  was  open  to  the 
boiler  and  was  being  emptied.  Of  the  two  boilers,  one 
supplied  steam  to  the  oval  vessels  and  the  other  was  used  for  feed- 
ing water  to  the  fii-st  boiler.  The  second  boiler  was  filled  while 
cold  and  a  fire  lighted  under  it.  It  then  acted  like  the  vessel 
used  by  Salomon  de  Cans  and  forced  a  supply  of  feed  water  into 
the  main  boilei*. 


END    VIEW. 


Fig.  1. 


8IDK   VIEW. 


A  modiliciitiou  of  Savery's  engine,  the  pulsometer  (Fig.  2), 
is  still  quite  common.  It  is  used  in  places  where  an  oixlinaiy 
pump  could  not  be  used  and  where  extreme  simplicity  is  of 
especial  advantage.  Its  valves  work  automatically  and  it  requires 
veiy  little  attention. 

A  serious  difhculty  with  Saveiy's  engine  resulted  from  the 
fact  that  the  height  to  which  water  could  be  raised  was  limited  by 
the  pressure  which  the  vessels  could  bear.  Where  the  mine  was 
very  deep  it  was  necessary  to  use  several  engines,  each  one  liaising 
the  water  a  part  of  the  whole  distance.     The  consumption  of  coal 
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in  proportion  to  the  work  done  was  about  twenty  times  as  great 
as  that  of  a  good  modem  steam  engine.  This  wiis  largely, 
though  not  entirely,  due  to  the  immense  amount  of  steam  which 
was  wasted  by  condensation  when  it  came  in  contact  with  the 
water  in  the  oval  vessels. 

The  next  gi*eat  step 
in  the  development  of 
the  steam  engine  was 
taken  by  Neweomen, 
who  in  170r>  succeeded 
in  preventing  contact 
between  the  steam  and 
the  water  to  be  pumped, 
thus  diminishing  the 
amount  of  steam  use- 
lessly condensed.  He 
introiluced  the  first  suc- 
cessful engine  which 
used  a  piston  working 
in  a  cyliiulor. 

In  Newco  men's 
engine,  shown  in  Fig.  3, 
there  was  a  horizontal 
lever  pivoted  at  the 
center  and  cai-rying  at 
one  end  a    long   heavy 


Fig.  2. 


rod  which  connected  with  a  pump  in  the  mine  below.  A  piston 
was  hung  from  tlie  other  end  of  the  lever,  and  worked  up  and 
down  in  a  vertical  cylinder,  which  was  open  at  the  top.  Steam 
acted  only  on  the  lower  side  of  the  piston.  Steam  at  atmospheric 
pressure  was  admitted  from  the  boiler  to  the  cylinder,  and  as  the 
pressure  was  the  same  both  above  and  below  the  piston,  the  falling 
of  the  heavy  pump  ro<l  raised  the  piston.  A  jet  of  water  was  now 
passed  into  the  cylinder  to  condense  the  steam  and  foim  h  vacuum. 
This  left  the  piston  with  atmospheric  pressure  al)ove  and  very 
slight  pressure  below,  so  it  was  forced  down  and  the  pump  rod 
again  raised.  Steam  could  again  be  admitted  to  the  cylinder,  the 
pump  rod  would  fall,  and  bo  on  indefinitely. 
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In  the  (lays  of  Newcoinen  it  was  very  difficult  to  olitaiit  good 
workmanship.  Fur  this  reason  it  was  often  ncceswiry  to  make  tlie 
cylindera  of  wood,  and  even  then  there  might  1«  a,  space  of  one- 
eighth  of  an  inch  Iwtween  tlie  wall  of  tho  cylinder  and  the  piston. 
Ill  order  to  prevent  steam  from  lilowing  through  this  jiassage,  or 
air  from  leaking  in  when  tlie  steam  was  condensed,  it  was  cuBtom- 
ary  to  keep  a  jet  of  water  jilaying  on  the  top  of  the  pistoiL 


Ono  greiit  tronhh;  with  all  tlifst>  engiiit-s  wiis  tliat  they  re- 
quired Home  one  fo  open  and  close  the  coi-ks.  Hoys  weregenendly 
employed  to  do  this  work.  In  onlcr  to  get  time  to  pliiy,  oii'^  of 
them  rigged  a  catch  at  the  end  of  a  conl  whii-li  was  attached  to 
the  beam  overhead.  This  did  the  work  fur  liim,  Making  the 
valves  automatic  in  this  way  made  it  pnssihie  to  dispense  with  tlie 
services  of  the  hoy  and  at  the  same  time  greatly  incivase  the  speed 
of  tlie  engine.  This  engine  was  improved  slightly  from  time  to 
time  hy  different  inventors  and  was  very  extensively  used  until 
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Watt's  time.  Some  of  them  are  iii  existence  today.  While  this 
engine  was  a  success  and  a  great  improvement  over  its 
predecessoi-s,  it  was  still  very  large,  wasteful  and  heavy,  in  com- 
parison with  the  work  done.  When  the  cj^inders  were  made  of 
iron  they  were  simply  cast  and  not  bored,  thus  leaving  a  rough, 
stony  coating  over  the  iron,  called  the  skin. 

Ill  the  yrar  17()o,  a  sinall  model  of  a  Newcoinen  engine 
wjis  t;ikeii  to  the  shop  <»f  an  ihstrument  maker  in  Glasgow,  Scot- 
land, to  Ini  repaired.  Tliis  instrument  maker,  whose  name  was 
James  Watt,  liad  been  studying  steam  engines  for  some  time  and 
he  became  veiy  nnich  interested  in  this  model.  He  was  a  man  of 
great  genius,  and  before  he  died  his  inventions  had  jnade  the  steam 
engine  so  perfect  a  machine  that  there  has  been  but  one  really 
great  improvement  in  it  since  his  time  ;  namely,  compound  eximn- 
sion.  All  other  improvements  have  Ixjen  merely  foUoAving  in 
tlie  line  of  his  suggestions  and  constructing  what  he  could  not  for 
lack  of  good  tools. 

He  found  that  to  obtain  the  l)est  results  it  was  necessary, 
"  First ^  thiit  the  temperature  of  the  cylinder  should  alwaya  he  the 
same  a«  that  of  the  steam  which  entered  it;  and,  seeondly,  that 
when  the  steam  was  condensed  it  should  be  cooled  to  as  low  a  tern- 
peratnre  as  possible. ^^  All  improvements  in  steam-engine  efficiency 
have  been  in  the  direction  of  a  more  complete  realization  of  these 
two  c<mditions. 

In  order  to  keep  the  cylinder  nearly  as  hot  as  the  entering 
steam,  Watt  no  longer  injected  water  into  the  cylinder  to  condense 
ihe  sb'am,  but  used  a  separate  vessel  or  condenser.  He  made  his 
piston  tiglit  by  using  greater  care  in  construction,  so  that  it  wjis 
not  necessary  to  have  a  water  seal  at  the  top.  He  then  covered 
the  top  of  the  cylinder  to  prevent  air  from  cooling  the  piston. 
When  tliis  was  done  he  could  use  steam  above  as  well  as  below 
the  piston;  this  made  the  engine  double  acting. 

Also,  in  the  effort  to  keep  the  cylinder  iis  hot  as  the  entering 
steam,  he  enclosed  the  cylinder  in  a  larger  one  and  filled  the  space 
between  with  steam.  This  was  not  often  done,  however,  and  only 
of  late  yeai-s  has  the  steam  jacket  lx>en  of  much  advantage.  He 
also  used  steiim  expansively,  that  is,  the  sidmission  of  steam  was 
st(»pped  when  the  piston  liad  made  a  part  of  the  stroke ;  the  rest 
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of  Ihe  stroke  vras  completed  by  tbe  expansion  of  Uie  steam  alreadj 
admitted.  This  plan  is  now  used  in  all  engines  that  are  built  for 
economy. 

Other  inventions  made  by  Watt  on  liis  steam  en^ne  were : 
a  parallel  motion,  that  is,  an  arrangement  o(  links  connecting  the 


end  of  the  pifiton  rod  with  the  beam  of  the  engine  in  such  a  way 
iis  to  guide  the  rod  almost  exactly  in  a  straight  line ;  the  throttle 
valve,  for  regulating  the  I'ate  of  admission  of  steam  and  the  centrif- 
iigid  governor,  which  controlled  the  speed  by  acting  on  the  throttle 
valve. 

Watt  also  invented  the  "indieiitor,"  by  means  of  which  dia- 
grams are  made  which  show  at  all  points  the  relation  between  the 
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pressure  in  the  cylinder  and  the  position  of  the  piston  at  that 
instant.  His  assistant,  Munloch,  invented  the  slide  valve  as  a 
means  of  admitting  and  releasing  the  steam.  Fig.  4  shows  Watt's 
final  engine. 

Watt,  like  other  early  inventors,  sold  many  of  his  engines  to 
miners,  who  had  been  using  hoi-ses  to  putnp  out  the  mineS;  and 
for  this  reason  he  rated  liis  engines  by  the  horse-power.  Although 
this  term  liiis  an  historical  derivation  it  has  no  real  significance, 
and  no  rehiticm  whatever  to  the  power  of  a  hoi-se.  It  is  an 
established  unit  for  measuring  tlie  rate  at  which  work  is  done.  One 
horse-i)ower  is  tlie  amount  of  work  necessary  to  raise  33,000  pounds 
through  one  foot  in  one  minute  ;  and  we  may  say  that  one  liorse- 
power  is  equal  to  33,000  foot  pounds  per  minute. 

Watt  saw  that  by  using  high-pressui-e  steam  lie  could  get 
more  work  from  it ;  but  as  it  was  not  possible  to  make  very  reli- 
able lx>ilers  he  never  used  a  pressure  of  more  than  seven  pounds 
per  square  inch  above  the  atmosphere.  AlK)ut  the  year  1800 
comparatively  high  pressure's  came  more  into  use  and  the  won- 
condensuig  engine  wjis  introduced.  In  Watt's  engine,  and  all 
those  preceding  his,  a  vacuum  was  produced  in  front  of  the  piston 
by  condensing  the  steam,  and  either  the  atmosphere  or  steam  at 
atmospheric  pressure  pushed  it  through  the  stroke.  In  the  non- 
condensing  engine,  using  high-pressure  steam,  the  space  in  front 
of  the  piston  could  1>(;  ojiened  to  the  atmosphere  at  exhaust,  and 
although  the  atmospheric  pressure  resisted  its  motion  the  pi*essure 
of  the  steam  behind  the  piston  was  still  greater  than  that  of  the 
air.  These  engines  were  much  more  simple  than  the  condensing 
engines,  as  they  required  no  condenser. 

About  this  time  what  would  now  be  called  a  comjK>und  engine 
was  introduced  by  Ilornblower  and  later  by  Woolf.  It  had  two 
cylinders  of  different  size.  Steam  was  admitted  into  the  smaller 
cylinder,  and  then  passed  over  into  the  larger.  The  steam  ex- 
panded a  little  in  the  smaller  cylinder  and  much  more  in  the 
larger  one. 

A  great  many  attempts  were  made  to  build  locomotives^  bat 
they  were  genemlly  unsuccessful  until  George  Stephenson  built 
his  engine,  the  "Rocket,"  in  1829.  The  principal  new  feature 
of  this  engine  was  the  improved  steam  blast  for  increasing  the 
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Bteatn  tight  hj  a  stuffing  box  which  surrounds  the  piston  rod. 
SometiineB  the  piston  rod  is  prolonged  beyond  the  piston  and 
tliroagb  the  front  cover.     This  extension  of  the  piston  rod  is  to 


help  steady  the  piston  in  a  long  stiolie  and  is  known  as  the  tail 
rod.  When  a  tail  rod  is  used  another  stuffing  box  must  also  be 
provided  for  the  head-end  cover. 
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The  Piston  U,  in  small  engines,  is  usually  a  thick  disc  of  iron 
or  steel,  as  shown  in  Fig.  6.  It  is  often  made  conical,  as  shown 
in  Fig.  7,  to  better  witlistand  the  steam  pressure  and  to  gain  space. 
The  piston  must  fit  the  cylinder  steam  tight  and  yet  move  easily. 
To  accomplish  this,  one  or  more  grooves  in  the  piston  ai"e  filled 
with  packing  (usually  metallic),  or  spring  rings  may  be  used. 

The  Piston  Rod  C  (Figs.  5  and  6^  is  made  of  steel  and  con- 
nects the  crossheud  and  the  piston  to  which  it  is  rigidly  fixed. 

The  Crosshead  I)  serves  to  join  the  piston  rod  and  connecting 
rod.  At  one  end  it  is  fjistened  to  the  piston  rod,  and  at  the  other 
end  is  the  wrist  pin  V  on  which  the  connecting  rod  swings.  It 
is  guided  to  and  fro  by  the  crosshead  guides  Q. 

The  Connecting  Rod  E  is  a  steel  forging  from  tliree  to  eight 
times  the  length  of  the  ci-ank,  dejiending  upon  the  type  of  engine. 
One  end  is  jointed  to  the  crosshead  by  the  pin  V,  called  the  wrist 
pin,  while  the  other  encircles  the  crank  pin  and  i-evolves  with  it. 
A  detail  view  of  one  end  is  shown  in  Fig.  8  ;  the  other  end  is 
frequently  similar.  In  some  cases  the  small  end  is  forked,  as 
shown  in  Fig.  9. 

The  Crank  Pin  F  forms  the  connection  between  the  crank 
and  connecting  rod. 

The  Cmnk  G,  equal  in  length  to  one-half  the  stroke  of  the 
piston,  converts  the  back  and  forth  motion  of  the  connecting  rod 
into  circular  motion.  It  may  be  simply  an  arm,  fis  shown  in  Fig. 
10,  or  a  complete  disc  keyed  to  one  end  of  the  shaft,  as  shown  in 
Fig.  11.     The  disc  is  more  nearly  lialanccd  than  the  cmnk. 

The  Shaft  II  transmits  the  rotary  motion  from  the  cmnk  to 
the  lly  wheel  P. 

The  Frame  of  the  engine  S  is  r  Iieavy  casting,  which  sup]:x)rt8 
the  cylinder  and  bearings.  It  should  be  securely  bolted  to  the 
foundation. 

The  Steam  Chest  M  receives  steam  dii'ectly  from  the  boiler, 
and  the  steam  passes  thence  through  the  ports  W  into  the  cylinder. 

The  Eccentric  I  is  a  disc  keyed  to  the  shaft  so  that  its  center 
and  the  center  of  the  shaft  do  not  coincide.  The  eccentric  strap  Y 
encircles  the  eccentric  and  imparts  a  reciprocating  motion  to  the 
valve  stem  L  and  the  eccentric  rod  J.     This  action  is  similar  to 
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that  of  the  crank  and  connecting  ixxl,  but  exactly  reversed.     K  is 
tlie  valve  stem  crosshead  and  R  its  guides. 

The   Slide  Valve  X  is   the  valve  for  alternately  admitting 


L-.^^ 


Fig.  7. 

steam  to  the  (•ylinder  and  Teleasing  it.     It  has  u  cup-shaped  cavity 
in  its  face  tliroiigli  which  the  exhaust  steam  passes.     It  is  situated 

in  the  steam  chest  and  is  moved 
by  the  valve  gear,  that  is,  tlie 
eccentric  and  the  eccentric  rod. 
The  Clearance  Z  is  the  space 
between  the  piston  and  the 
cylinder  liead  (when  the  piston 
is  at  the  end  of  the  stroke),  to- 
Y^     ^  gether  witli  the    volnnu*  of   the 

steam  i)orts.     Tliis  vohime  must 
be  fMled  with  steam   before    the  piston  can  stai-t.     It  is  usual  to 
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exjiresB  Uie  cleaiiuice  jw  u  ci'itiiiii  jwr  cent  of  the  volimie  sw(']it 
througli  by  the  pitttoii. 

The  crank  may  revolve  hi  either.dii'ection.  If  we  stand  by 
Die  cylinder,  facing  the  crank  shaft,  and  the  i;r;uik  niove»  away 
fi-oni  lu  an  it  passes  over 
the  shaft,  we  say  that  it 
is  running  or^r.  If  it 
moves  away  from  us  as 
it  passes  under  tlie  shaft, 
we  say  that  the  engine 
is  running  ini^tr.  The 
ai-tion  of  steam  in    the 


i-y]iiider   of   an   engine    is  very  complicated,  and  its   di.sciissioii 
will  be  taken  up  later  in  the  coui-se. 

TVPE5  OP  ENGINES, 

Claaaification.  There  are  so  many  different  types  of  en^nes 
that  it  is  difficult  to  classify  them  all  properly.  Most  engines 
ivelong  to  several  classes  at  one  and  the  same  time.  For  instance, 
there  are  condeiuing    and    notbcondensing  engines ;    thete  sra 
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simple,  compounil,  tr!|i1e  and  qiiiulruplt;  expiitiiiioii ;  iheix;  iire  high 
speed  and  low  speed,  vertical  and  homonriil.  Incoinotive,  Htationarjr 


and  marine,  and  many  other  classes  into  ivliicli  these  might  be 
further  siilHlivided, 

Simple  Eiiffi/ien.  The  simpleat  tyjie  of  engine  is  the  simple 
expansion.  It  has  one  cylinder  and  limits  steiini  for  a  part  nf  the 
stroke,  expands  it  during  the  remainder  and  exhausts  either  into 
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the  atmosphere  or  into  a  condenser.  Simple  engines  (see  Figs.  5 
and  12)  are  now  used  only  for  comparatively  small  powers,  say 
100  H.  P.  or  less,  and  although  more  extravagant  of  fnel  than  the 
others,  may  still  be  the  most  economical  financially  if  low  first  cost 
is  an  important  item,  if  they  are  not  run  continuously,  or  if  the 
load  fluctuates  widely. 

Compound  Enginen  liave  two  cylinders  known  as  the  high  pres- 
sure and  low  pressure.  Steam  enters  the  smaller  or  high  pressure 
cylinder  and  then  expands  until  release,when  it  is  exhausted  into  the 
larger  cylinder,  where  the  expansion  is  finished.  The  cylinders 
sliould  be  so  proportioned  that  approximately  the  same  amount 
of  work  can  be  done  in  each.  The  first  cylinder  is  small,  because 
it  has  the  higher  stcsam  pressure,  and  a  given  weight  of  steam 
occupies  less  space  when  at  high  pr(»ssnre.  The  second  must  lie 
large,  so  that  the  volume  at  cut-off  can  contain  all  of  the  steam 
exhausted  from  tlie  high. 

Besides  being  more  economical  the  compound  has  a  distinct 
mechanical  advantage.  The  two  cranks  may  be  set  at  right 
angles,  so  that  when  one  is  on  dead  center  the  other  is  at  a  posi- 
tion of  nearly  its  greatest  effort.  This  mak(»s  a  dead  center 
impossible*,  and  gives  a  more  uniform  turning  moment.  Then  the 
individual  j)arts  may  1m»  made  lighter,  and  are  tiins  more  easily 
handled,  but  the  engine  is  much  mon^  costly,  and  it  Ls  nearly 
twice  as  much  work  to  take  care  of  it. 

When  the  cranks  of  a  compound  engine  are  at  90°,  the  low- 
pressure  piston  is  not  ready  to  receive  steam  when  the  high  pres- 
sure exhausts,  hence  there  must  be  a  receiver  to  hold  the  steam 
until  admission  occurs  in  the  low.  Such  engines  are  called  cross 
compound.  Fig.  13  shows  one  form.  Sometimes  instead  of 
having  the  cranks  at  90°  .they  are  placed  together  or  opposite?. 
Then  the  strokes  In^gin  and  end  together,  and  the  high  can  ex- 
haust directly  into  the  low  without  a  receiver.  Such  engines  are 
calle<l  Woolf  engines,  A  tjvndem  compound  engine,  shown  in 
Fig.  14,  has  both  pistons  on  one  rod,  the  high-pressure  piston  rod 
forming  the  low-pressure  tail  rod.  Such  engines  are  less  expen- 
sive because  there  is  but  one  set  of  reciprocating  parts  ins^'ead  of 
two,  but  like  simple  engines  they  have  the  disadvantage  ^f  dead 
points. 
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Triple  Expaimoii  Emjines  expand  the  steam  in  three  stages 
instead  of  two.  There  are  usually  three  cylinder's,  the  high,  inter- 
mediate, and  low,  arranged  with  cranks  120^  apart.  This  gives  a 
more  uniform  turning  moment  than  a  compound.  Sometimes  there 
are  four  cylinders  to  the  triple,  one  high,  one  intermediate,  and 
two  low.  This  arrangement  gives  better  balance  and  is  often 
used  in  marine  work. 

For  triple  engines  there  must  be  a  receiver  between  each 
two  cylindei's.  Fig.  15  shows  the  essential  features  of  a  triple 
expansion  engine. 

Qu'tdntple  Enyinea  expand  their  steam  in  four  stages  instead  oi 
three.     Multiple-expansion  engines  are  nearly  always  condensing. 

Cylinder  Ratios.  There  are  several  considemtions  to  be 
remembered  when  proportionmg  the  cylindei's  of  multiple-expan- 
sion engines.  The  ratio  of  the  cylinders  should  be  such  that  each 
develops  nearly  the  same  power  ;  the  drop  in  pressure  between  the 
cylinders  and  receivers  should  Ixj  small,  and  the  strains  in  the 
cylindei's  alK)Ut  e(]ual. 

There  are  many  formulas  in  use,  some  simple,  others  involv- 
ing matliematical  calculation.  ^A  common  rule  for  compound 
engines  is  to  make  the  ratio  of  the  cylindei-s  equal  to  the  square 
root  of  the  total  ratio  of  expansion.  Thus  if  the  steam  has  a  ratio 
of  expansion  of  9,  the  ratio  of  the  cylinder  volumes  will  be  y/  9" 
=  .*i,  or  the  low-pressure  cylinder  will  have  a  volume  «3  times 
as  great  as  the  high-pressure  cylinder.  If  the  cylinder  ratio  is  3, 
and  the  length  of  stroke  is  the  same  for  both,  the  diameter  of  the 
low-pressure  cylinder  will  be  1.75  times  that  of  the  high-pressure 
cylinder. 

Another  rule  is  to  make  the  cylinder  ratio  equal  to  the  total 
ratio  of  expansion  multiplied  by  the  fractional  part  of  the  stroke 
completed  when  cut-off  occurs  in  the  high-pressui-e  cylinder. 

Suppose  the  ratio  of  expansion  is  9,  as  above,  and  that  cut-off 
occurs  at  ^  of  the  stroke  in  the  high-pressure  cylinder.  The  ratio 
of  cylinder  volumes  will  be  9  X  -g-  =  3.  If  cut-off  occurs  at  ^ 
the  stioke,  the  ratio  will  be  9  X  ^  =  4.5. 

For  triple  expansion  engines  the  low  pressure  cylinder  is 
made  large  enough  to  develop  the  whole  power  if  steam  at  boiler 
pressure  is  used. 
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The  intermediate  cylinder  is  imide  apprnxiniiitely  of  a  mean 
size  Iwtween  the  liij^li  ami  tlie  low.  The  area  of  tlie  intermediate 
piston  is  found  hy  ilividlng  ihu  iirofi  of  the  low  by  l.l  limes  the 
square  root  of  tlie  ratio  of  tlio  low  to  the  Iiigli. 

We  may  write  the  above  thus, 


Area  of  hiKh-iires.  cyl. 
Area  uf  Inter,  cyl. 


_    Area  of  low-prea.  c.vl. 

Cut-off  of  hlgh-pres.  X  ratiu  o 
_  .Vrea  of  low-prefnure  cylirnler- 

1.1  X  V  i^i^io  <>'  '<">'  to  i><ei>- 


Pig.  15. 


In  geiievid  the  volnnies  for  triple  expiinsion  are  of  iibont  the 
following  ration,  1  represetiting  the  vulnine  of  the  liigji  pressure 
cylinder: 

1 :  2.2'>  lo  2.7 '. :  r,  to  H. 

For  quadruple-expansion  engines  the  ratios  are  us  follows: 
1  :  2  fa>  2.33:  4  too:  7  to  12. 

ffiffh  Speed  JCngliirs'.  Of  late  years  tlioie  has  been  a  demand 
for  engines  of  higher  speeds  than  were  formerly  used.  It  was  found 
desirable  to  rnn  dyn;imo-electric  maehiiies  by  connecting  them 
dirtctlif  to  the  shaft  of  tlie  engine  rather  than  hy  belts  aa  before. 
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Tliin  rtHjiiire'l  eiigint's  niiiiiiiig  fnin  200   (ji  1,000  rpvnlutions  \ieT 
minute  instead  of  from  60  lo  90  I'evoltitioiiH.     Also  for  engines  io 


torpedo-hniits,    speedw    us    high    as   400    or   500    revolutions   are 
common. 

Running  at  liigh  speed  requires  various  chitnge.i.    Ueciprocating 
parts  must  be  made  ligliter  to  reduce  the  vibration,  and  must  be 
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more  carefully  proportioned  to  maintain  l)alance.  Bearings  must 
be  made  very  much  larger  to  reduce  the  pressure  in  order  that  the 
friction  may  not  be  excessive  and  cause  heating.  Special  care  is 
necessary  that  beaiings  should  lit'  tight,  since  the  least  looseness 
will  cause  knocking  and  hannnering  until  the  bearing  is  ruined. 
Parts  must  l)e  as  simple  as  possible  and  so  arranged  as  to  need  tlie 
l(»ast  possible  attention.  In  slow-spec^d  engines  the  enginecM*  can 
watch  the  oil  cu[)S  and  oil  any  part  while  it  is  running.  But  this 
is  impossible  in  high-speed  engines,  and  special  means  must  1x3 
used  to  insure  plenty  of  oil  to  the  bearings  and  the  cylinder. 

These  peculiarities  of  Iiigh-speed  engine^s  may  Ihj  easily  seen 
in  any  engine  for  electric  lighting,  for  runnhig  fans,  etc.  It  is 
also  necessary  that  the  speed  of  engines  for  running  electric 
generatoi's  should  be  very  steady,  as  the  slightest  change  in  the 
s])eed  nuike  the  lights  flicker.  The  fly  wheels  are,  therefore,  larger 
or  heavier  than  for  other  types  and  the  governors  are  ma.de 
specially  sensitive*.  Fig.  If)  shows  a  horizontal  high-sjKjed  engine 
with  the  working  parts  encased.  Fig.  17  shows  a  vertical  high 
speed. 

For  any  double-acting  engine,  that  is,  for  any  engine  m  which 
the  steam  acts  fiist  on  one  side  and  then  on  the  other  side  of  the 
piston,  the  piston  first  j)ushe8  and  then  pulls  on  the  connecting  rod 
and  crank.  At  each  half  revolution  of  the  cnuik  the  direction  of 
the  [)ressure  revei*ses.  It  is  this  change  of  pressure  which  causes 
the  [x)unding  if  the  bearings  are  at  all  loose.  This  is  one  of  the 
greatest  troubles  with  high-speed  engines.  In  order  to  avoid  these 
rapid  r(*veraals  in  pressure,  Htngle-actituj  vertical  engines  are  used 
to  a  considerable  extent.  In  such  engines  the  steam  is  admitted 
only  to  the  hend  end  of  the  cylinder.  The  other  end 
stands  open.  The  connecting  rod  is  in  compression  throughout 
the  Avhole  levolution  instead  of  being  first  in  compi'ession  and  then 
in  tension.  Besides  insuring  that  the  piston  shall  always  push, 
this  arrangement  simplifies  the  valves. 

There  are  several  good  single-acting,  high-speed  engines. 
One  of  the  ejirliestr made  was  intixnluced  by  Brotherhood.  He 
used  three  c^ylindei-s,  set  around  the  shaft  1 '20°  apart.  Another 
well-known  example  is  the  Willans  "central  valve"  engine. 
These  are  lM)th  English  engines.     A  well-known  American  engine 
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iif  this  type  is  the  We8tingli<iuso  Iiigli-.sjwi'il   ciifjini;,  ii  section  of 
wliicli  is  sli'>wn  in  Fig.  18. 

Vertical  and  Horizontal  Engines,     At  the  present  time  the 
must  euuinioii  type  o£  eugiiie  in  the  lion /.onfall  direct-acting,  that 


IS,  I 


FlB.  J7. 
II  engine  whoso  cylimler  is  horizontal  and  whose  jjistoii  i 


.■As  i 


the  ciiink  thi'imgli  a  piston  itHl  und  connecting  rod.  Li  smiill 
engijies  the  whole  is  often  on  one  bed  itlate.  Such  engines  uve 
colled  self  eontaiueil.  The  eyliiidi-r  is  cither  bolted  to  tlie  back 
of  the  bed  plate  or  rests  directly  on  it. 

Ill  marine  work  vertical  engines  ai-e  nseil  in  almast  every  cuae. 
The  reason  tor  tUia  is,  of  coiiise,  the  awing  of  floor  space,  which 
so  important  in  a  vessel.     This  stiving  of  siHiec,  however,  is  also 
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very  inii>ortaut  in  many  ciises  such  as  in  crowded  engine  rooms 
of  cities  where  land  is  expensive,  and  as  there  are  a  number  of 
advantages  which  vei'tical  engines  have  over  horizontal,  tliey  are 
coming  largely  into  use  in  stiitionaiy  practice. 

A  second  advantiige  of  the  vertical  over  the  horizontal 
engiiic  is  the  reduction  of  cyUnder  friction  and  unequal  wear  in 
tlie  cylhider  of  the  latter.  In  the  horizontal  engine  the  piston  is 
generally  suj)[>orlcd  by  resting  on  the  cylinder,  which  is  gradually 
worn  until  it  is  no  longer  round.  This  causes  leakage  of  steam 
from  one  side  to  the  other.  Evidently  this  is  entirely  avoided  in 
the  vertical  engine. 

Still  another  advantage  of  the  vertical  engine  is  the  greater 
etuse  of  balancing  tlie  moving  parts  so  that  there  shall  1x3  no  jarring 
or  shaking.  It  is  impossible  to  perfectly  balance  a  steam  engine 
of  one  or  two  cylindei's.  If  it  is  balanced  so  that  there  is  no 
tendency  to  shake  sidewise,  it  will  shake  endwise;  and  if  it  is 
balanced  endwise  it  will  shake  sidewise.  The  jarring  is  due  to 
the  back  and  forth  motion  of  the  reciprocating  parts  and  the 
centiifugal  force  of  the  crank  and  connecting  rod.  The  crank 
can  be  readily  balanced  by  making  it  extend  as  far  on  one  side  of 
the  shaft  as  it  does  on  the  other,  but  the  piston  and  connecting 
rod  are  more  difficult  to  balance.  We  can  greatly  reduce  the 
ciTcct  of  jarring  if  we  balance  the  cmnk  and  make  the  end- 
wise throw  come  in  line  with  the  fimndation,  which  should  l>e 
heavy  enough  to  aUsorb  the  vibration  transmitted.  In  a  JiorizonUd 
engine  this  endwise  throw  not  being  in  line  with  the  foundation 
will  cause  vibration  in  the  engine  itself. 

In  machin(»s  that  can  Ix)  anchored  down  to  a  massive  founda- 
tion a  state  of  defective  bidance  only  results  in  straining  the  parts 
and  causing  needless  wear  and  friction  at  the  crank-shaft  bearings 
and  elsewhere,  and  in  communicating  some  tremor  to  the  ground. 
The  problem  of  balancing  is  of  much  more  consequence  in  loco- 
motive and  marine  engines. 

To  sum  up  the  general  advantages  of  vertical  engines:  they 
have  less  cylinder  wear,  they  take  up  less  floor  space,  and  they 
can  1x3  Ix'tter  balanced.  In  addition  to  these  thei*e  are  certain 
advantages  which  vertical  engines  have  for  certain  kinds  of  work. 

The   disadvantages  of  verticid  engines  are  as  follows:  Tlie 
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pi'easiii'u  un  tlio  crank-pin  b  greater  during  the  dmmi  stroke 
than  dui'iii^  the  up  stroke  because,  duiing  the  down  stroke  (lie 
weight  of  the  reciprocating  pai-ts  is  added  to  the  steam  pressure, 
and  during  the  up  stroke  this  weight  is  sitiitracted. 


Anolher  difficulty  is  that  in  large  engines  the  various  parts  are 
on  Bueh  diffen-iit  levels  that  thev  require  eonsiderahle  elindnng. 
Tliia  reipiires  mtn^e  attendants  and  is  suuietimes  the  cause  for  neglect 
of  the  engine. 
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The  foundations  for  vertical  engines  generally  need  to  l)e 
deeper  than  those  for  horizontal  engines.  At  the  same  time,  how- 
ever, they  need  not  be  as  broad. 

Marine  Unginea.  The  first  steam  vessels  were  fitted  with 
paddle-wheels,  and  as  beam  engines  wei*e  the  most  common,  this 
form  of  engine  was  used.  Its  construction,  however,  was  some- 
what modified  for  this  service.  This  arrangement  of  beam  engine 
and  paddle-wheel  was  used  for  many  years  and  was  applied  to 
ocean  vessels  as  well  as  to  small  river  boats.  It  is  still  used, 
especially  in  this  country,  on  river  steamers  and  some  coast 
steamers.  The  l)eain  is  supported  by  large  A  f mines  on  the 
deck,  and  the  engines  are  about  on  a  level  with  the  shaft. 

Engines  of  this  type  take  up  mther  more  room  than  those 
now  in  common  use,  partly  because  of  gi-eat  size,  and  also  be- 
cause of  the  shaft  and  paddle-wheels.  Another  disadvantage 
is  that  in  heavy  weather,  when  one  paddle-wheel  is  thrown  out 
of  water  the  other  is  deeply  immersed  and  takes  all  the  strain, 
so  that  there  is  a  tendency  to  rack  the  boat.  Then  again  if  the 
boat  is  loaded  heavily  the  paddle-blades  are  very  deeply  immersed 
while  if  light  they  barely  touch  the  water.  It  is  hard  to  handle 
the  engines  satisfactorily  under  both  conditions. 

The  introduction  of  the  screw  pi-opeller  oveixiame  these  diffi- 
culties very  la  redely  and  at  the  same  time  rc(|uin*d  a  much  faster 
running  engine.  At  firet,  the  increased  speed  wiis  supplied  by  the 
use  of  s[)ur-wheel  gearing,  but  gradually  higher  speed  engines  were 
built  and  connected  directly  to  the  propeller  shaft.  It  was,  of 
coui-se,  difficult  with  small  width  at  each  side  of  the  shaft  to  use 
horizontal  engines,  therefore  various  arrangements  of  inclined 
engines  were  used  before  the  vertical  engine  was  finally  chosen 
by  all  as  the  standard  form  for  marine  work.  It  is  only  in  recent 
yeai*s  that  the  vertic^al  engine  has  Ix^come  geneml  in  naval  work 
and  in  merchant  steamers. 

In  merchant  ocean  steamers  the  common  form  has  three 
cylinders  set  in  line,  fore  and  aft,  al)ove  the  shaft.  The  cranks  are 
120°  apart,  to  give  a  very  even  turning  moment.  The  three 
cylinders  are  worked  triple  expansion.  The  valves  are  usually 
])iston  valves  on  the  high  and  intermediate,  and  double  ported 
slide  valves  on  the  low.     Sometimes  piston  valves  are  used  on  all 
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the   cylinders.      Plain   slide   valves   are   not  suitable   for   high- 
pressure  work  of  any  kind. 

For  engines  on  ocean  vessels  it  is  necessary  to  use  surface 
Qondensei-s  in  order  that  the  same  water  may  be  used  over  and 
over  again.  If  it  were  necessary  to  take  in  sea-water  for  the 
l)oiler8  they  would  soon  become  clogged  with  the  salt  and  require 
cleaning.  Surface  condensers  for  marine  work  are  generally  made 
up  of  a  large  number  of  brass  tubes  of  from  |  inch  to  1  inch  in 
diameter.  In  some  cases  the  cold  water  is  forced  to  flow  through 
the  tubes  while  the  steam  comes  in  contact  with  the  outside  of  the 
tubes. 

In  any  marine  plant  there  are  four  special  pumps.  The  first 
is  the  air  pump  for  the  condenser.  This  is  usually  made  large 
so  that  in  case  there  is  a  leak  in  the  condenser  it  can  take 
chaise  of  the  water  even  if  it  liecomes  necessary  to  run  as  a  jet 
instead  of  a  surface  condenser.  The  seeond  is  the  feed  pump  for 
the  lK)ilei's.  The  third  is  the  circulating  pump,  which  forces  the 
current  of  cold  water  through  the  condenser.  The  last  is  the  bilge 
pump,  which  pumps  out  water  that  gathers  in  the  bilge  of  the 
ship  by  leakage  or  otherwise.  In  case  of  a  serious  leak  all  the 
pumps  can  l)e  made  to  pump  from  the  bilges.  In  some  old  types 
all  these  pumps  were  worked  from  the  main  engine ;  generally, 
however,  the  feed  pump  and  the  circulating  pump  are  separate, 
as  also  the  bilge  pump.  The  circulating  pump  is,  in  many  modern 
engine  rooms,  of  the  centrifugal  type. 

Locomotive  Enfjines,  Of  all  steam  engines  the  most  ineffi- 
cient is  the  steam  locomotive.  In  the  first  place,  the  boiler  must 
l)e  forced  so  hard  that  the  products  of  combustion  pass  off  at  a 
veiy  high  temperature  and  consequently  caiTy  away  a  great  deal 
of  heat.  Bits  of  entirely  unburned  or  partiall}'  burned  coal 
are  drawn  through  and  wasted. 

In  the  second  place,  the  lx)iler  is  exposed  to  great  loss  of  heat 
by  radiation.  Although  its  surface  is  lagged,  it  c«annot  l>e  very 
effectively  covered,  and  the  wind  takes  away  a  great  deal  of  heat. 

Mechanically  also  the  locomotive  is  very  imperfect.  In  most 
good  steam  engines  the  efficiency,  that  is  to  say,  the  ratio  of  the 
effective  horse-power  to  the  developed  horse ^poicer  is  fully  -^-^  or  90 
per  cent.     In  the  locomotive  this  ratio  was  shown  to  be  about  43 
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per  cent  by  two  independent  tests.  This  is  in  part  due  to  tlic 
special  diOiculties  in  locomotive  construction,  but  the  principal 
losses  are  those  caused  by  radiation  and  the  escape  of  beat  fi-oin 
the  stack. 

As  to  locomotive  boilers,  Mr.  Forney  says,  "  Tlie  weight  and 
(linufusions  of  locomotive  boilers  are  in  nearly  all  cases  determined 
by  the  limits  of  weight  and  space  to  which  they  are  necessarily 
confined."  It  may  be  stated  generally  that  within  these  limits  a 
locomotive  boiler  cannot  lie  made  too  large.  In  other  words, 
l)oilei*s  for  locomotives  should  always  be  made  as  large  as  jiossible 
under  the  conditions  that  determine  the  weight  and  dimensions  of 
the  locomotives. 

There  are  certain  types  of  locomotives  common  in  American 
practice  which  have  special  names.  The  eight-wheel  or  "  Ameri- 
can" passenger  type  of  locomotive  has  four  coupled  driving-wheels 
and  a  four-wheeled  truck  in  front.  The  "ten-wheel"  tyi)e  has 
six  coupled  drivers  and  a  leading  four-wheel  truck.  This  type  is 
used  for  l)oth  freight  and  piissenger  service.  The  "Mogul"  type 
is  used  altogether  for  freight  service ;  it  has  six  coupled  drivere 
and  a  two-wheel  or  pony  truck  in  front.  I'he  ''Consolidation" 
type  is  used  for  heavy  freight  service.  It  litis  eight  coupled 
driving-wheels  and  a  pony  truck  in  front.  There  are  also  a  great 
many  special  types  for  special  purposes.  In  switcli-yards  a  type 
of  euirine  is  used  which  has  four  or  six  drivers  with  no  truck. 
The  Fonu^y  type  li:is  four  coupled  driving-wheels  under  the 
(Migine  and  a  four-wheel  truck  carrying  the  water-tank  and  fuel. 
This  type  is  used  on  elevated  roads  largely.  ''  Decapod  "  engines 
are  a  type  used  for  heavy  freight  service,  having  ten  coupled 
driving-wheels  and  a  two-wheel  truck  in  front.  A  tank  engine 
is  one  which  carries  the  feed  water  in  tanks  on  the  engine  itself 
instead  of  in  the  tender,  as  in  other  engines.  The  various  different 
forms  arc  too  numerous  even  to  name. 

There  has  been  some  effort  made  to  introduce  compounding 
in  locomotive  practice.  It  has  in  some  cases  been  very  successful, 
especially  for  express  trains.  A  committee  of  the  American 
Railway  Miister  Mechanics  Association  says  of  compounding : 

''  (tf)     It  has  achieved  a  saving  in  the  fuel  bui*ot,  averaging 
18  per  cent  at  reasonable  boiler  pressui'es. 
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(6)     It  has  lessened  the  amount  of  water  to  be  handle. 

(<?)     The  tender  can,  therefore,  be  reduced  hi  size  and  weight. 

(d)  It  has  increased  the  possibilities  of  speed  beyond  sixty 
miles  per  hour,  without  unduly  straining  the  engine. 

(e)  It  luvs  increased  the  haulage  power  at  full  speed. 

(/)  In  some  classes  of  engines  it  has  increased  the  sUirting 
power. 

(^)  It  has  lessened  the  valve  friction  per  h()i'se-i)ower 
developed." 

A  number  of  other  reasons  are  given  in  their  report. 

In  opposition  to  this  may  be  mentioned  the  extra  first  cost  of 
the  engine  and  the  cost  of  maintiiining  a  more  complicated 
machine.  It  is  much  more  work  to  keep  it  in  repair  and  many 
engineers  are  of  the  opinion  that  the  saving  in  fuel  is  only  sufficient 
to  ofifset  these  extra  expenses.  If  the  engine  is  running  under 
steady  load,  the  compounding  will  effect  a  great  saving ;  but  in 
many  parts  of  the  country  the  load  varies  constantly,  due  to 
grades  in  the  road. 

We  shall  learn  later  that  a  compound  engine  cannot  work 
efficiently  under  light  load.  If  the  grades  are  first  up  and  then 
down,  the  simple  engine  is  the  more  economical.  Fur  a  steady  up- 
grade the  compound  is  more  economical,  as  it  can  be  run  steadily 
under  full  load.  This  is  especially  true  in  mountain  districts, 
where  the  long  u[>-grades  and  scarcity  of  fuel  and  water  make 
ideal  conditions  for  compound  locomotives.  Through  freight  ser- 
vice probcibly  offers  the  widest  field  for  success  with  these  engines. 

It  hiis  already  been  said  that  it  is  difficult  to  balance  an 
engine  completely.  This  defect  is  very  much  greater  in  locomo- 
tives than  in  stationary  engines.  Lack  of  balance  in  a  locomotive 
results  in  serious  pounding  of  the  track.  Also  there  is  danger  of 
flattening  and  breaking  the  wheels,  and  the  rails  may  be  seriously 
damaged. 

Pumphig  Engines,  The  lii*st  steam  engines  built  were 
pumping  engines  and  today  the  most  economical  engines  are 
those  built  for  this  work. 

In  pumping  engines  it  is  not  absolutely  necessary  to  have  a 
revolving  shaft.  All  that  is  required  is  that  the  piston  in  the 
pump  cylinder  shall  be  driven  back  and  forth  with  a  plain  recipro- 
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ratitjg  iiiutioii  wliiuli  iiiny  1ie  exactly  like  tlint  of  t1ie  steiiiii  piston. 
For  lliis  iBfison.  in  enrly  jminping  eiigiiiea  and  iiluo  iti  many  modern 
engines,  the  reciprocating  niotina  of  the  8t«iim  piston  is  applied 
di»e<itly,  or  tbrniigli  a  beam,  to  produce  the  reciprocating  motion 
of  tlie  pump  piB ton  or  plunger  without  the  use  of  uriy  revolving 
[Mirt.  Frequently,  however,  it  is  desirable  to  use  a  flywheel  so 
timt  the  steam  may  be  used  exiiansively.  and  in  those  cases,  of 
course,  a  revolving  shaft  must  be  used.  Fig.  li*  shows  a  i>ower 
pmnji. 

For  deep-well  or 
mine  pumping,  the 
cylindere  ai-e  often  set 
in  a  vertical  poaitiou 
directly  overthepump 
cylinder.  The  pisli  n  i 
rod  extends  from  the 
steam  cylinder  direc  I - 
ly  iK-lowto  thepuniji 
plnnger.  Sometimes 
it  i.s  ])OBsihle  to  usi- 
steam  expansively  in 
these  pumps  by  rea- 
son of  the  weight  of 
the  reriprocatinf; 
paiis.  Wht-n  the 
weight  is  suflictent. 
the  sEeiim  can  l»e  cut  i,,,  y, 

off  liefoi-e  the  end  of 

the  stroke  and  the  momentum  of  the  parts  will  be  enough  to  just 
finnh  the  stroke,  consequently  these  pum[JB  are  sometimes 
(X>ni]Kiunde<l.  They  are  possible  only  in  pumping  from  very  deep 
wells. 

DirL-ct-actinff  Steam  Pumps.  Fly  wlieel  pumps  have  one  dis- 
advantage, if  run  too  slowly  the  momentum  of  tlie  fly  wlieel  is 
not  sufficient  to  carry  it  by  the  dead  (tenters ;  if  run  too  fast  the 
flv  wlieel  is  in  danger  of  bursting.  A  fly-wheol  pump  can  be 
made  lo  discharge  a  small  amount  of  water  by  means  of  a  by- 
pass valve,  but  of  course  it  then  runs  ut  a  disadvantage. 


32  TriK     STEAM     KNGrNE. 

Tlie  iliiivtHK'tiiig  stemii  iiiiiiiji  shiiwii  iii  l'"ig,  20  ]ins  t.Iie 
steam  [lUtoii  lit  one  end  of  lunxl  niid  tlie  wntei*  jiUtun  iil  llie  ntlitir 
end.  Tlie  steam  pressure  nets  direcUj  on  the  piston  ;  no  fly 
wlieel  is  used,  and  since  the  i-eei pnwiiting  pai-ta  are  comparatively 
light,  and  there  is  no  i-evolving  mans  to  caiTy  by  the  dead  points,  it  is 
eviilent  that  in  the  onlinary  form  there  can  lie  no  expanKion  of 
steam.  The  pump  is  inexpensive  and  gives  a  [msitive  action. 
It  uses  II  gi-eat  qnantity  of  steiim  relatively,  )>nt  for  nmall  work 
the  aKsolnte  amount  is  not  very  great.  Even  in  larger  engines 
the  lighter  foundations  tliat  art;  poHsihle  and  the  olight  fii-st  cost 
are  fi-eqiu;ntly  i-ontrotling  feiitnrea. 


A  roflicr  or  bdl-crank  lever  on  tlio  ]ii8lnn  ifid  nrnvi'S  l!  i- 
steam  valve  and  admits  steam  to  the  other  side  of  tlie  piston  while 
ojtening  the  fii'st  side  to  exhaust.  In  large  pumjis  of  this  kind, 
and  even  in  some  small  ones,  this  motion  merely  admits  steam  to 
a  small  auxiliary  piston  wLiidi  then  moves  the  main  steam  valve 
by  steam  pressnre.  Some  pumps  operate  the  steam  valve  by 
means  of  a  tappet  instead  of  a  rocker  and  liell-crank  lever. 

There  have  been  various  devices  tried  for  using  steam  expan- 
sively in  these  directracting  pumjis  withont  the  use  of  a  fly-wheel. 
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In  order  to  do  this  it  is  iieceasai-j  to  provide  some  means  of  storing 
enei^y  during  tlie  early  part  of  the  stroke  and  returning  it  during 
the  latter  part,  when,  owing  to  the  expansion,  the  pressure  of  the 


as  follows :     a  crosshead  A, 
connected  to  the  plungers  of  a 


steam  is  less.  One  such  device 
(Fig,  21)  fixed  to  the  piston  rod  : 
jHiir  of  oBcillating  cylinders  B 
M.  which  contain  water  and 
uomniunic'iite  with  a  reservoir 
full  of  air  compressed  to  about 
:JO0  pounds  per  sfjuiire  iiicli. 
When  the  stroke  (which  takes 
place  in  the  dii-ection  of  the 
arrow)  tiegins,  these  plungem 
are  first  forced  in,  and  hence 
work  is  at  first  done  on  the  main 
piston  rod,  through  the  com- 
pensating cylinders  B  B,  on 
the      corapresaed     iiir     in    the 

reservoir.  This  continues  until  the  erosshead  has  iidvanced  so 
tliat  the  oscillating  cylinders  stand  at  right  angles  to  the  line  of 
stroke.     Then  for  the  remainder   of    the   stroke   their   plungers 
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iiHsist  in  ilriving  tlie  niaipi  piston,  and  the  compressed  air  gives  out 
the  I'ut-rgy  which  it  stored  iu  llie  earlier  |Mtrtion. 
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The  J>uplex  ntfam  pump  coiiHists  simply  of  two  direct-aclang 
steam  pumps  plaoed  side  by  side,  as  shown  in  Fig.  22.  On  the 
piston  I'od  on  one  side  is  a  bell-crank  lever  wliich  operates  the  valve 
of  the  other  pump.  On  the  further  piston  rod  is  a  rocker  arm  which 
moves  the  valves  of  the  firet  pump.  There  must  be  a  rocker  on 
one  side  and  a  bell-crank  lever  on  the  other  because  of  the  relative 
motion  of  the  valves  and  pistons.  The  first  piston,  as  it  goes  for- 
ward, muHt  use  a  rocker  because  it  draws  the  second  valve  back. 
The  second  pi^tou,  as  it  goes  back,  must  use  a  bell-crank  lever 
because  it  must  push  the  first  valve  back  in  the  same  direction  aa 
its  own  motion.  The  two  pistons  are  made  to  work  a  half-stroke 
apart.     Thus   one   begins   its  stroke  wlien   the  other  is  in  tha 
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middle.  In  this  way  a  steadier  flow  of  water  is  obtained,  for 
botli  pninjis  discharge  into  the  same  delivery  pii>e.  Tlie  pumps 
may  be  niiido  fompound.  A  sectional  view  of  the  pump  is  shown 
in  Fig.  23. 

CurlUn  Eiufinei.  In  large  engines  a  common  way  of  regu- 
laling  the  Ktt^am  Biipi>ly  is  by  changing  autoniatit^ally  the  point  in 
tii(!  stroke  of  tlie  piston  at  which  the  steam  is  cut  off.  This  is 
frequently  accomplished  by  using  some  trip  gear  similar  to  the  one 
.fii'st  introduced  by  Oefi.  Corliss.  These  gears  are  calletl  Corliss 
gears.  In  the  Corliss  gear  there  is  a  separate  admission  valve 
arid  ft  separate  exhaust  valve  for  each  end  of  the  cylinder,  as 
shown  in  Fig.  24.     The  exhaust  valves  are  opened  and  closed  by 
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the  motion  of  rods  or  cmnks  coiiuected  to  them.  The  adniissioii 
valves  are  opened  in  tlie  twine  way,  but  they  snap  abut  by  tlieni- 
Helves  when  the  piHton  ha»  reached  a  certain  point  of  it^  stroke. 
Thia  point  will  vary  with  the  position  of  the  governor,  whieh  in 
turn  deiiends  on  the  speed  of  the  engine.  TheHO  Corliss  engines 
cannot  be  run  at  high  speetl  Ixtcause  the  triji  gear  required  some 
time  to  act. 

The  valves  of  Corlias  i-tigiiies  turn  in  holhiw  cylindrical  Keats 
Avhieh  extend  across  the  cylinders.     A  wrist  jiLite  wliicii  turns  oa 
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a  pin  on  the  outside  of  the  cylinder  receives  a  motion  of  oscillation 
from  an  eccentric  and  opena  the  valves  by  means  of  the  rod  con- 
nections. When  the  piston  has  reached  a  point  where  the  steam 
fhouhl  l>e  cut  off,  the  trip  gear  is  held  in  such  a  position  by  the 
governor  that  it  releases  the  valve,  which  now  springs  shut  under 
the  action  of  the  dash-pot.  The  admission  valve  to  the  other 
side  of  the  cylinder  is  controlled  in  exactly  the  same  way. 

The  admission  valves  are  generally  placed  at  the  top  and  the 
exhaust  valves  at  the  bottom  of  the  cylinder.  Any  water  which 
may  be  formed  by  steam  condensing  can  readily  drain  oflE  by  this 
arrangement.  There  are  a  great  many  modifications  of  the  Cor- 
liss gear.     Fig,  25  is  a  Harris  Corliss  Engine. 

The  advantage  of  the  Corliss  gear  ia  the  great  range  through 
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which  the  cut-ofE  can  be  varied,  from  very  eariy  to  very  late  in 
the  stroke.  Another  great  advantage  is  the  quick  action  which 
reduces  wire-drawing.  To  understand  fully  the  loss  caused  by 
wire-drawing  requires  a  knowledge  of  higher  mathematics. 

CONDENSERS. 

When  low-pressure  steam  is  cooled  it  gives  up  its  latent  heat; 
that  is,  it  changes  from  a  vapor  to  a  liquid.  We  know  that  a 
liquid  occupies  much  less  space  than  an  equal  weight  of  vapor ; 
hence,  by  changing  the  steam  to  water  the  pressure  is  greatly 
reduced.  By  cooling  the  steam  in  the  cylinder  in  front  of  the 
pistcn  the  back  pressure,  or  resistance,  is  decreased.  This  reduces 
the  pressure  necessary  to  push  the  piston  through  the  stroke, 
therefore  less  steam  is  required  to  do  the  work.  This  cooling  is 
accomplished  by  some  form  of  condenser. 

There  are  two  types  of  condensers,  surface  and  jet.  A  sur- 
face condenser  is  one  in  which  the  steam  passes  through  pipes 
surrounded  by  water  or  the  water  flows  through  pipes  surrounded 
by  steam.  In  the  jet  condenser  the  steam  is  condensed  by  coming 
in  contact  with  cold  water,  which  entens  as  spray.  In  both  types 
the  steam  is  condensed  to  water  and  a  partial  vacuum  is  formed, 
because  water  occupies  much  less  space  than  does  an  equal  weight 
of  steam.  If  it  were  not  for  the  air  in  the  entering  steam  there 
would  be  an  almost  perfect  vacuum.  For  this  reason  every  con- 
denser is  fitted  with  an  air  pump  to  remove  this  air  and  the 
condensed  steam. 

Surface  C<mdenserB,  The  condenser  shown  in  section  in 
Fig.  26  is  a  common  form  of  the  surface  type,  in  which  the 
air  pump  and  circulating  pump  are  both  direct  acting  and  are 
operated  by  the  same  steam  cylinder.  The  cold  condensing  water 
is  drawn  from  the  supply  into  the  circulating  or  water  pump. 
This  pump  forces  the  water  up  through  the  valves  and  water  inlet 
to  the  condtenser.  It  flows,  as  indicated  by  the  arrows,  through 
the  inner  tubes  of  the  lower  section,  then  back  through  the  space 
between  the  inner  and  outer  tubes.  The  water  then  passes  up- 
ward and  through  the  upper  section,  as  it  did  in  the  lower.  It 
then  passes  out  of  the  condenser  through  the  water  outlet,  taking 
with  it  the  heat  it  has  received  from  the  steam. 
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The  exhaust  steam  from  the  engine  enters  at  the  exhaust 
inlet  and  cornea  In  contact  with  the  perforated  plate,  which  scatteis 
it  among  the  tubes.  This  method  protects  the  upper  tubing  from 
the  effect  of  direct  contact  with  the  exhaust  steam.  The  steam 
expanding  in  the  condenser  comes  in  contact  with  the  cool  tubes, 


through  which  cold  water  is  circulating,  and  condenses.  The  air 
pump  draws  the  air  imd  condensed  steam  out  of  the  condenser 
and  thus  maintains  a  partial  vacuum.  This  caui^es  the  exhaust 
steam  ill  the  engine  cylinder  to  be   drawn  into   the  condenser. 
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The  condensed  exhaust  steam  collects  at  the  bottom  of  the  con- 
denser, is  drawn  into  the  air  pump  cylinder  and  is  discharged 
while  heated  to  the  hot  well  of  the  boiler.  The  use  of  this  hot  water 
as  feed  water  is  a  considerable  saving ;  but  the  great  advantage 
of  the  condenser  is  tlie  reduction  in  back  pressure. 

Hot  water  cannot  be  used  by  an  oixJinary  pump  as  well  as 
cold  water  because  of  the  pressure  of  the  vapor  which  arises  from 
the  hot  water.  In  the  condenser  shown,  the  water  and  air  jmmps 
are  run  by  the  piston  in  the  steam  cylinder.  Sometimes  these 
[)innps  are  connected  to  the  main  engine  and  receive  motion  from 
the  shaft  or  crosslieacl. 


Fig.  27. 

The  general  arrangement  of  the  surface  condenser  with  the 
necessary  pumps  is  shown  in  Fig.  27.  The  cooling  water  enters 
t!i rough  the  i)ipe  K,  and  flows  to  the  circulating  pump  R,  which 
fori'es  the  water  into  the  condenser  through  the  pipe  L.  In  case 
tlio  water  enters  the  condenser  under  pressure  from  city  mains  no 
circulating  pump  is  necessary.  After  flowing  through  the  tubes  it 
leaves  the  condenser  by  means  of  the  exit  M,  and  flows  away. 
Exhaust  steam  enters  at  S,  and  is  condensed  by  coming  in  contact 
with  the  cold  tubes ;  the  water  (condensed  steam)  then  falls  to 
the  bottom  of  the  condenser  and  flows  to  the  air  pump  B  by  the 
pipe  E.  The  air  pump  removes  the  air,  vapor  and  condensed 
steam  from  the  condenser  and  forces  it  through  the  pipe  N  into 
the  hot  well,  from  which  it  goes  to  the  boilers  or  to  the  feed  tank 
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The  circulating  piuup,  wlieii  separate  from  the  coiideuser,  is 
usually  of  the  centrifugal  type.  This  pump  coiisi^bt  of  a  fan  or 
wheel  which  ia  made  up  of  -a  central  web  or  Iiub,  anil  anna  or 
vancF.  This  pump  is  shown  in  Fig.  28.  Tlie  vhdpb  are  ciii-veil, 
and  as  the  waler  is  draft-n  in  at  th«  central  part  the  vant»  throw 
it  off  at  (he  ciivu inference.  A  snitiible  c-Hsing  dirucls  the  flow. 
This  type  of  pump  is  advantageouy  because  tliHc  are  no  valves 
to  get  out  uf  oi-der,  and  its  tli«  lift  is  litth',  if  any,  the  pump  will 
dischaige  a  large  volume  of  water  in  a  nearly  constant  stieaui. 
The  circulating  pump  is  usually  no  placed  tlial  tlie  water  ilows  to 
it  under  a  slight  iiead.  The  pump  is  driven  by  an  indeitendent 
engine  so  that  the  circulating  water  may  cool  the  condenser  even  if 
the  nuiin  engine  is  not  working. 
The  centrifugal  jiuin|i  works 
moi'e  smoothly  and  with  less 
trouble  than  an  oi^inaiy  force 
pump,  because  it  is  not  recipro- 
cating and  it  has  no  valves. 

•At  Otnidetiserg.  Fig.  29 
shows  the  longitudinal  section  of 
an  independent  jet  condenser 
with  the  pump.  The  colil  water 
used  lo  condense  the  steaiu 
cnteis  al  A,  [uissus  down  llii^ 
siiray  pi|H:  B,  and  is  lunken  iutu  i,',,..  ^e. 

a  fine  spray  by  nie;iiis  of  the  spray 

cone  C  Tiiis  action  insures  a  riipid  and  thorough  mixing  uf 
ihe  steam  and  water  and  con.sequently  a  rapid  condensation. 
The  exhaust  sLeani  enters  at  D,  with  a  eonipai-ati  vely  high  velocity, 
which  is  ini]iarted  lo  the  xvater.  The  whole  mixture  of  water, 
steam  and  vapor  passes  at  high  velocity  through  the  conical 
chamber  F  to  the  pump  cylinder  F.  The  pninp  forces  this  water 
to  the  pipe  (i.  The  spray  cone  is  adjusted  by  the  stem  which 
passes  through  the  stuiiing  box  at  the  top  of  the  condenser.  The 
valves  are  shown  at  H  and  K.  The  steam  end  of  the  pump  is  at 
L.     Motion  of  the  valve  is  produced  by  the  rocker  arm  J, 

In  Fig.  .30  a  jet  condenser  is  shown  connected  to  a  sUttionary 
engine  and  boiler.  The  exhaust  pi^ie  leads  fiom  the  engine  to  the 
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coiidenBer,  tlie  aiTown  indicating  the  direction  of  flow.  Cold  water 
enters  the  condenser  through  a.  pipe  connected  to  tlie  well.  Pnrt 
of  the  mixture  of  exltauet  steam  and  condensed  water  goes  to  tlie 
feed-water  )ieat«r,  which  is  kept  neaily  full ;  the  rest  paiises  to  the 
M'wei'.  The  heater  is  placed  a  little  above  the  feed  piiin|),  so  that 
i!iu  water  will  ent«r  the  [ninip  under  a  flight  head,  iH^caiisc  llie 
|>iinip  Ciiniiot  raise  water  waimed  hy  exliaust  nteani  as  readily  as 
cold  wat*r. 

The  Hui-faci!  condenser  is  iised 
almost  itiiiversally  in  marine  practice. 
Its  iiKt  cost  is  more  than  that  of  the  jet 
condenser  and  it  requires  more  condens- 
ing water,  but  it  allows  only  the  con- 
densed steam  to  return  to  the  boiler. 
It  is  alwt  used  in  stationary  work  when 
the  condensing  water  is  very  impure. 
The  jet  coudcuser  is  not  ailapted  for 
marine  work,  us  it  pumps  both  the 
uoiidensing  water  and  the  condensed 
steam  to  the  hot  well.  Hence,  if  salt 
water  or  water  containing  lime  is  used, 
it  will  enter  the  boiler  and  form  sed- 
iment and   scale.      This    type   is 


Fig.  so. 
where   fresh    and   moderately   pure   water     is   available. 

It  has  !)een  mentioned  before  that  Watt  always  condensed 
the  exhaust  steam  from  his  engines,  and  that  when  liigher  pres- 
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sures  came  into  use  some  makers  let  the  steam  discharge  into  the 
atmosphere.  This  leads  to  the  distinction  between  condensing 
and  noncondensing  engines.  Both  types  are  in  common  use,  but 
the  condensing  engines  are  much  more  economical  than  the  non- 
condensing,  as  far  as  fuel  is  concerned ;  but  to  condense  the  steam, 
considerable  water  is  necessary,  and  condensing  engines  cost  more 
and  require  more  care.  Consequently  in  some  cases  it  is  quite 
as  economical,  all  things  considered,  to  use  the  noncondensing 
engine. 

COOLING  TOWBR5. 

It  sometimes  happens  that  it  is  impossible  to  place  a  steam 
plant  in  close  proximity  to  a  natural  water  supply.  In  such  cases 
the  water  necessary  for  the  condenser  (the  circulating  water)  ia 
expensive,  and  if  the  cost  is  very  great  it  does  not  pay  to  add  the 
condenser,  because  the  cost  of  the  circulating  water  might  more 
than  offset  the  gain  from  condensing.  If,  however,  some  means 
could  be  provided  whereby  the  circulating  water  as  it  issues  from 
the  condenser  could  be  cooled  and  then  used  over  again  in  the 
condenser,  the  noncondensing  engine  could  then  be  run  con- 
densing; thus  taking  advantage  of  all  the  benefits  due  to  the  Ufl>e 
of  reduced  back  pressure  and  heating  of  the  feed  water.  This  has 
been  attempted  by  conducting  the  heated  discharge  water  to  a 
pond,  where  it  is  allowed  to  cool  to  a  lower  temperature  before* 
being  used  again.  Another  plan  is  to  place  in  the  yard  or  on  the 
roof  of  the  building  large  shallow  pans,  in  which  the  water  is 
cooled  by  being  exposed  to  the  atmosphere.  These  methods  are 
unsatisfactory  on  account  of  the  considerable  area  necessary  and 
the  slow  action.  In  addition  they  are>  uncertain,  because  they  are 
dependent  upon  atmosphei-ic  conditions. 

A  more  efficient  and  at  the  same  time  more  expensive  process 
is  to  use  a  cooling  tower  or  a  water  table.  Fig.  81  shows  the 
general  arrangement  of  a  cooling  tower  located  upon  the  roof  of  a 
building.  The  discharge  from  the  condenser  is  led,  as  shown  by 
the  arrows,  to  the  top  of  the  cooling  tower,  where  it  is  cooled 
before  being  returned  to  the  condenser.  This  cooling  is  effected 
by  distributing  the  water,  by  a  system  of  piping,  to  the  upper  edge 
of  a  series  of  mats  or  slats,  over  the  surface  of  which  the  water 
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flows  in  a  thin  film  to  a  reservoir  which  is  situated  in  the  bottom 
of  the  cooling  tower.  The  mats  partially  inteiTupt  the  flow,  and 
by  breaking  up  the  water  in  small  streams  cause  new  portions  to 
be  exposed  to  the  cooling  effect  of  the  air  currents.  The  water 
from  the  reservoir  then  flows  downward  through  the  suction  pipe, 
and  is  pumped  by  the  circulating  pump  through  the  condenser. 
After  passing  through  the  condenser  and  absorbing  heat  from  the 
exhaust  steam,  it  rises  through  the  discharge  pipe  and  commences 
the  circuit  over  again. 

The  tower  may  have  several  arrangements  and  be  made  of 
various  materials.     A  satisfactory  form  is  constructed  of  steel    • 
plates ;  within  the  tower  are  a  large  number  of  mats  of  steel  wire 
cloth  galvanized  after  weaving. 

To  assist  in  the  cooling  of  the  water,  the  air  is  often  made  to 
circulate  rapidly  by  means  of  a  fan,  which  forces  the  air  into  the 
lower  part  of  the  tower  and  upwards  among  the  mats.  This  fan 
is  usually  of  the  ordinary  type,  and  may  be  driven  by  an  electric 
motor,  a  line  of  shafting,  or  by  a  small  independent  engine. 

In  case  the  fan  is  not  used,  the  mats  are  arranged  so  that  they 
are  exposed  to  the  atmosphere,  as  shown  in  Fig.  82.  This  of 
coui-se  necessitates  the  removal  of  the  steel  casing.  Usually  the 
fanless  tower  must  be  placed  at  the  top  of  a  high  building,  or  in 
some  position  where  the  currents  of  air  can  readily  circulate 
among  the  mats. 

With  an  efficient  type  of  cooling  tower  the  water  may  be 
reduced  from  30  to  50**,  thus  allowing  a  vacuum  of  from  22  to  26 
inches.  This  will  of  course  greatly  increase  the  economy  of  the 
plant,  and  allow  the  heated  feed  water  to  be  returned  to  the  boiler. 

The  water  table  is  usually  made  of  wooden  slats  placed  in 
the  ground  near  the  plant.  After  trickling  over  the  slats  and 
becoming  cooled  by  the  air,  it  collects  in  the  bottom  o£  the  reser* 
voir  and  is  then  pumped  into  the  condenser. 

THE  PLY  WHBBL. 

It  is  evident  that  while  the  piston  can  push  the  crank  anmnd 
during  part  of  the  stroke,  and  pull  it  during  another  part,  there 
are  still  two  places  (called  dead  points)  at  the  ends  of  the  stroke, 
where  the  pressure  on  the  piston,  no  matter  bow  (preat»  can  exert 
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no  turning  moment  on  the  shaft.  Therefore,  if  some  means  is 
not  provided  for  making  the  shaft  turn  past  these  points  without 
the  assistance  of  the  piston,  it  may  stop.  This  means  is  provided 
ih  the  fly  wheel,  which  is  merely  a  heavry  wheel  placed  on  the 
shaft.  On  account  of  the  momentum  of  the  fly  wheel  it  cannot 
be  stopped  quickly,  and  therefore  carries  the  shaft  around  until 
the  piston  can  again  either  push  or  pull. 

If  a  long  period  be  considered,  the  mean  effort  and  the  mean 
resistance  must  be  equal;  but  during  this  period  there  are  tem- 
porary changes  of  effort,  the  excesses  causing  increase  of  speed. 
To  moderate  these  fluctuations  several  methods  are  employed. 


Fig.  33. 

The  turning  moment  on  the  shaft  of  a  single  cylinder 
engine  varies,  fli*st,  because  of  the  change  in  steam  pressure,  and 
second,  on  account  of  the  angularity  of  the  connecting  rod.  Before 
the  piston  reaches  mid-stroke  the  turning  moment  is  a  maximum, 
as  shown  by  the  curve,  (Fig.  33).  While  near  the  ends  of  the 
stroke  (the  dead  points)  the  turning  moment  diminishes  and 
finally  becomes  zero.  This,  of  course,  tends  to  cause  a  corre- 
sponding change  in  the  speed  of  rotation  of  the  shaft.  In  order 
to  have  tliis  speed  as  nearly  constant  as  possible,  and  to  give  a 
greater  uniformity  of  driving  power,  the  engine  may  be  run  at  high 
speed.  By  this  means  the  inertia  of  the  revolving  parts,  such 
as  the  connecting  rod  and  crank,  causes  less  variation.  When 
the  work  to  be  done  is  steady  and  always  in  the  same  direction 
(as  in  most  factories),  a  heavy  fly  wheel  may  be  used. 

The  heavier  the  fly  wheel,  the  steadier  will  be  the  motion. 
It  is,  of  course,  desirable  in  all  factoiy  engines  to  have  steady 
motion,  but  in  some  it  is  more  important  than  in  others.    For 
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instance,  in  a  cotton  mill  it  is  absolutely  necessary  that  the  ma> 
cliineiy  shall  move  with  almost  perfect  steadiness ;  consequently 
mill  engines  alwajrs  have  very  large,  heavy  fly  wheels.  It  is  un- 
desirable to  use  larger  wheels  than  are  absolutely  necessary, 
l)eeau8e  of  the  cost  of  the  metal,  the  weight  on  the  bearings  and 
die  danger  from  bursting. 

If  the  turning  moment  which  is  exerted  on  the  shaft  from 
the  piston  could  be  made  more  regular,  and  if  dead  points  could 
be  avoided,  it  would  be  possible  to  get  a  steadier  motion  with  a 
much  smaller  fly  wheel. 

If  the  engine  must  be  stopped  and  reversed  frequently,  it  is 
better  to  use  two  or  more  cylinders  connected  to  the  same  shaft. 
The  cranks  are  placed  at  such  angles  that  when  one  is  exerting  iCs 
minimum  rotative  effort,  the  other  is  exerting  its  maximum  turn- 
ing moment;  or,  when  one  is  at  a  dead  center,  the  other  is  exerting 
its  greatest  power.  These  two  cylinders  may  be  identically  the 
same,  as  is  the  case  with  most  hoisting  engines  and  with  many 
locomotives ;  or  the  engine  may  be  compound  or  triple  expansion. 

This  arrangement  is  also  used  on  engines,  for  mines,  collieries, 
and  for  hoisting  of  any  sort  where  eiuse  of  stopping,  starting 
and  reversing  are  necessary.  Simple  expansion  engines  with  their 
cranks  at  riglit  angles  are  said  to  be  coupled. 

The  governor  adjusts  the  power  of  the  engine  to  any  large 
variation  of  the  resistance.  The  fly  wheel  htos  a  duty  to  perform 
which  is  similar  to  that  of  the  governor.  It  is  designed  to  adjust 
the  effort  of  the  engine  to  sudden  changes  of  the  load  which  may 
occur  during  a  single  stroke.  It  also  equalizes  the  variation  in 
rotative  effort  on  the  cmtik  pin.  Tlie  fly  wheel  absorbs  energy 
while  the  turning  moment  is  in  excess  of  tlie  resistance  and  restorf-s 
it  while  the  cnink  is  at  or  near  tlie  dead  points.  During  these 
periods  the  resistance  is  in  excess  of  the  power. 

The  action  of  the  fly  wheel  may  be  represented  as  in  Figs.  33 
and  84.  It  will  be  noticed  that  in  Fig.  33  the  curve  of  cmnk 
effort  runs  below  the  axis  toward  the  end  of  the  stroke.  This  is 
because  the  compression  is  greater  than  the  pressure  near  the  end 
of  expansion,  and  produces  a  resultant  pressure  on  the  piston. 
In  Fig.  34  the  effect  of  compression  has  been  neglected.  Let  us 
suppose  that  the  resistance,  or  loiid^  is  uniform.    In  Fig.  S3  the  line 
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A  B  is  the  length  of  the  semi-circumference  of  the  crank  pin,  or  it 
is  the  distance  the  crank  pin  moves  during  one  stroke.  The  curve 
A  M  D  O  B  is  the  curve  of  turning  moment  for  one  stroke.  M  N 
is  the  mean  ordinate,  and  therefore  A  E  F  B  represents  the  constant 
resistance.  The  effort  and  resistance  must  be  equal  if  the  speed  is 
uniform ;  hence  AEFB=:AMDOB.  Then  area  A  E  M  + 
area  O  F  B  =  area  M  D  O.  At  A  the  rotative  effort  is  zero  be- 
cause tlie  crank  pin  is  at  the  dead  point ;  from  A  to  N  the  turning 
moment  is  less  than  the  resistance.  At  N  the  resistance  and  the 
effort  are  equal.  From  N  to  P  the  effort  is  in  excess  of  the  resist- 
ance. At  P  the  effort  and  resistance  are  again  equal.  From  P 
to  B  the  resistance  is  greater  than  the  effort.  In  other  words, 
from  A  to  N  the  work  done  by  the  steam  is  less  than  the  resist- 
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ance.  This  shows  that  the  work  represented  by  the  area  A  E  M 
must  have  been  done  by  the  moving  parts  of  the  engine.  From 
N  to  P  the  work  done  by  the  steam  is  greater  than  the  resistance, 
and  the  excess  of  energy  is  absorbed  by  or  stored  in  the  moving 
parts.  From  P  to  the  end  of  the  stroke,  the  work  represented  by 
tlie  area  O  F  B  is  done  on  the  crank  pin  by  the. moving  parts. 

W  V^ 

We  know  from  the  formula,  E  =  — _ —  ,  that  energy  is  pro- 

If 
portional   to   the   square   of  the  velocity.     Hence   as  W  and  g 

remain  the  same,  the  velocity  must  be  reduced  when  the  moving 

parts  are  giving  out  energy,  and  increased  when  receiving  energy. 

Thus  we  see  that  the  tendency  of  the  crank  pin  is  to  move  slowly, 

then  more  rapidly.      The  revolving  parts  of  an  engine  have  not 

sufficient  weight  to  store  this  surplus  eneigy,  hence  a  heavv  fly 

wheel  is  used. 

In  case  there  are  two  engines  at  right  angles,  two  effort  currds 
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must  be  drawn,  as  shown  in  Fig.  34.  The  mean  ordinate  A  E  is 
equal  to  the  mean  or  constant  resistance.  There  are  two  minimum 
and  two  maximum  velocities  in  one  stroke.  The  diagram  shows 
that  the  variation  is  much  less  than  for  a  single  cylinder ;  hence 
a  lighter  fly  wheel  may  be  used. 

The  weight  of  the  fly  wheel  depends  upon  the  character  of  the 
work  done  by  the  engine.  For  pumping  engines  and  ordinary 
machine  work  the  effort  need  not  be  as  constant  as  for  electric 
lighting  and  fine  work.  In  determining  the  weight  of  a  fly  wheel 
the  diameter  of  the  wheel  must  be  known,  or  the  ratio  of  the 
diameter  of  the  wheel  to  the  length  of  stroke.  If  the  wheel  is  too 
\irge,  the  high  linear  velocity  of  the  rim  will  cause  too  great  a 
centrifugal  force  and  the  wheel  is  likely  to  break.  In  practice, 
about  6,000  feet  per  minute  is  taken  as  the  maximum  linear  velocity 
of  cast-iron  wheels.  When  made  of  wood  and  carefully  put 
together,  the  velocity  may  be  taken  as  7,000  to  7,500  feet  per 
minute. 

We  know  that  linear  velocity  is  expressed  in  feet  per  minute 
by  the  forniuhi,  V  =  27r  R  N,  or  V  =  7r  D  N. 

Tlien  if  a  wlieel  runs  at  100  revolutions  per  minute,  the 
allowable  diameter  would  be, 

6,000  =  3.1416  X  D  X  100 

1>  =     Jf\..  =  191  feet, 
H,1416  X  100 

If  a  wheel  is  12  feet  in  diameter  the  allowable  speed  is  found 
to  be, 

V 


N  = 


ttI) 


=  \ =159  revolutions  per  minute. 

3.1416  X  12  ^ 

It  is  usual  to  make  the  diameter  a  little  ^ess  than  the  calcu- 
lated diameter. 

Having  determined  the  diameter,  the  weight  may  be  calculated 
by  several  methods.  There  are  many  formulas  to  obtain  this  result 
given  by  various  authorities.     One  formula  is  given  as  follows : 

^  _  C  X  ef2  X  ft 

D2  X  N2 
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In  the  above,         W=  weight  of  the  rim  in  pounds 

d  ==  diameter  of  the  cylinder  in  inches 
h  =  length  of  stroke  in  inches 
D  =  diameter  of  fly  wheel  in  feet 
N  =  number  of  revolutions  i>er  minute 

0  is  a  constant  which  varies  for  different  types  and  conditions. 

Slide-valve  engines,  ordinary  work,     C  =     850,000 
Corlifts  engines,  ordinary  work,  C  =     700,000 

Slide-valve  engines,  electric  lighting,  C  =     700,000 
-  Corliss  engines,  electric  lighting,         G  =  1,000,000 
Automatic  high-speed  engines,  0  =  1,000,000 

Example.  Let  us  find  the  weight  of  a  fly-wheel  rini  for  an 
automatic  high-speed  engine  used  for  electric  lighting.  The  cylin- 
der is  24  inches  in  diameter;  the  stroke  is  2  feet.  It  runs  at 
300  revolutions  per  minute,  and  the  fly  wheel  is  to  be  6  feet  in 
diameter. 

W  =  1,000,000  X  5f^^^^Jl 

36  X  90,000 

W  =  4,266  pounds 

Another  example.     A  plain  slide-valve  engine  for  electric 

lighting  is  20^^  X  24''.     It  runs  at  150  revolutions  per  minute. 

The  fly  wheel  is  to  be  8  feet  in  diameter.     What  is  the  weight  of 

its  rim? 

W  =  700,000  X    ^^^"?^!1^ 

64  X  22,500 

W  =  4,666  pounds. 
The  weight  of  a  fly  wheel  is  considered  as  being  in  the  rim. 
Tlie  weight  of  the  hub  and  arms  is  simply  extra  weight.  Then, 
if  we  know  the  weight  of  the  rim  and  its  diameter,  we  can  find  the 
width  of  face  and  thickness  of  rim.  Let  us  assume  the  given 
diameter  to  be  the  mean  of  the  diameter  of  the  inside  and  outside 
of  the  rim. 

Let  h  =  width  of  face  in  inches 
i  z=z  thickness  of  rim  in  inches 
d  =  diameter  of  fly  wheel  in  inches   . 
.2607  =  weight  of  1  cubic  inch  of  cast  iron 


Then, 


W  =  .2G07  X  ft  X  e  X  w  rf 
=:  JX  ^X  .819^ 
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Suppose  the  rim  of  a  fly  wheel  weighs  6,000  pounds,  is  9  feet 
in  diameter,  and  the  width  of  the  face  is  24  inches.  What  is  the 
thickness  of  the  rim? 

f-      w 

.819  d  b 

^  6,000 

.819  X  108  X  24 

=  2.83  inches 

In  this  case  the  rim  would  probably  be  made  2^  inches  thick. 
The  total  weight,  including  hub  and  arms,  would  probably  be 
about  8,000  poimds. 

GOVERNORS. 

The  load  on  an  engine  is  nevt^r  constant,  although  there  are 
cases  where  it  is  nearly  uniform.  While  the  engine  is  running  at 
constant  speed,  the  resistance  at  the  fly-wheel  rim  is  equal  to  the 
work  done  by  the  steam.  If  the  load  on  the  engine  is  wholly  or 
partially  removed,  and  the  supply  of  steam  continues  undiminished, 
the  force  exerted  by  the  steam  will  be  in  excess  of  the  resistance. 
Work  is  equal  to  force  multiplied  by  distance ;  hence,  with  con- 
stant effort,  if  the  resistance  is  diminished,  the  distance  must  be 
increased.  In  otiier  words,  the  speed  of  the  engine  will  be  in- 
creased. The  engine  will  "  race,'*  as  it  is  called.  Also,  if  the 
load  increases  and  the  steam  supply  remains  constant,  tlie  engine 
will  "slow  down." 

It  is  evident,  then,  that  if  the  speed  is  to  be  kept  constant 
some  means  must  be  provided  so  that  the  steam  supply  shall  at  all 
times  be  exactly  proportional  to  the  load.  This  is  accomplished 
by  means  of  a  governor. 

Steam-engine  governors  act  in  one  of  two  ways :  they  may 
regulate  the  pressure  of  steam  admitted  to  the  steam  chest,  or  they 
may  adjust  the  speed  by  altering  the  amount  of  steam  admitted. 
Those  which  act  in  the  first  way  are  called  throttling  governors, 
because  they  throttle  the  steam  in  the  main  steam  pipe.  Those  of 
the  latter  class  are  called  automatic  cut-off  governors,  since  they 
automatically  regulate  the  cut-off. 

Theoretically,  the    method    of   governing   by  throttling  the 
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steam  causes  a  loss  in  efficiency,  but  the  throttling  superheats  the 
steam,  thus  reducing  cylinder  condensation.  By  the  second 
method  the  loss  in  efficiency  is  very  slight,  unless  the  ratio  of 
expansion  is  already  great,  in  which  case  shortening  the  cutoff 
causes  more  cylinder  condensation.  This  subject  will  be  taken 
up  in  detail  later. 

In  mast  governors,  centrifugal  force,  counteracted  by  some 
otlier  force,  is  employed.  A  pair  of  heavy  masses  (usually  iron 
balls  or  weights)  are  made  to  revolve  about  a  spindle,  which  is 
driven  by  the  engine.  When  the  speed  increases,  centrifugal 
force  increases,  and  the  balls  tend  to  fly  outward ;  that  is,  they 
revolve  in  a  larger  circle.  The  controlling  force,  which  is  usually 
gnivity  or  springs,  is  no  longer  able  to  keep  the  balls  in  their 
former  path.  When,  therefore,  the  increase  is  sufficiently  great, 
the  balls  in  moving  outward  act  on  the  regulator,  which  may 
throttle  the  steam  or  cause  cut-off  to  occur  earlier. 

With  the  throttling  governor  a  balanced  throttle  valve  is 
pLaced  in  the  main  steam  pipe  leading  to  the  valve  chest.  If  the 
engine  runs  faster  than  the  desired  speed,  the  balls  are  forced  to 
revolve  at  a  higher  speed.  The  increase  in  centrifugal  force  will 
cause  them  to  revolve  in  a  larger  circle  and  in  a  higher  plane. 
By  means  of  some  mechanism  (levers  and  gears)  the  spindle  may 
be  forced  downward,  thus  partially  closing  the  valve.  The 
engine,  therefore,  takes  steam  at  a  lower  pressure,  and  the  power 
supplied  being  less,  the  speed  falls  slightly. 

Similarly,  if  the  load  is  increased,  the  engine  slows  down, 
which  causes  the  balls  to  drop  and  open  the  valve  more  widely; 
steam  at  higher  pressure  is  then  admitted,  and  the  speed  is 
increased  to  the  regular  numl^r  of  revolutions. 

With  the  Corliss  or  Wheelock  engine  the  governor  of  this  type 
acts  differently.  *  Instead  of  throttling  the  steam  in  the  steam  pipe, 
tlie  governor  is  connected  to  the  releasing  gear  by  rods.  An  increase 
of  Sliced  causes  the  releasing  gear  to  unhook  the  disengaging  link 
earlier  in  the  stroke.  This  causes  earlier  cut-off,  which  of  course 
decreases  the  power  and  the  speed,  since  the  amount  of  steam 
admitted  is  less.  If  for  any  reason  the  load  increases,  the  governor 
causes  the  valves  to  be  held  open  longer.  The  out-off,  therefore* 
occurs  later  in  the  stroke. 
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One  of  the  most  common  forms  of  governoir  is  similar  to  that 
invented  by  James  Watt.  It  is  called,  from  its  appearance,  the 
jJendulum  governor.  It  is  shown  in  Fig.  35.  To  consider  the 
theory  of  the  {>endulum  governor,  the  masses  of  the  balls  are 
assumed  to  be  concentrated  at  their  centers,  and  the  rods  made  of 
some  material  having  no  weight. 

When  the  governor  is  revolving  about  its  axis  at  a  constant 
speed  the  balls  revolve  in  a  circle  having  a  radius  r  The  distance 
from  this  plane  to  the  intersection  of  the  rods,  or  the  rods  pro- 
duced, is  called  the  height  and  is  equal  to  h. 


Fig.  35. 

If  the  balls  revolve  faster,  the  centrifugal  force  increases,  r 
becomes  greater  and  h  diminishes.  We  know  that  centrifugal 
force  is  expressed  by  the  formula, 

Wt;2 


F  = 


ff  ^ 


Then  centrifugal  force  varies  inversely  as  the  radius. 

While  the  pendulum  is  revolving,  centrifugal  force  acts  hori- 
zontally outward  and  tends  to  make  the  balls  fly  from  the  center; 
gravity  tends  to  make  the  balls  drop  downward.  In  order  that  the 
halls  shall  revolve  at  a  certain  height,  the  moments  of  these  two 
forces  about  the  center  must  Ije  equal,  or  the  weight  of  the  balls 
multiplied  by  their  distance  from  the  center  must  equal  the 
ceiitrifiii^al  force  multiplied  by  the  height,  or, 

W  X  r  =  F  X  h 


from  which, 

h    _    W 
r            F 

or, 

h     _     W         gr 

9^ 

fiom  wliich. 

»a. 
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Now  we  know  that  the  linear  velocity  of  a  point  revolving  in 
tlie  circumference  of  a  circle  is  expressed  as  2  tt  r  N  feet  per 
second. 

Then,  h=  ^Jl=        ^'' =  .^^  - 

t,2  47r2r2N2  47r2  N^ 

Since  we  know  the  values  of  a  and  tt  we  can  write  the 
formula, 

,  32.16  .814<>    -    ^ 

h  =    =. feet,  or 

4  X  3.14162  X  N2  N2 

,          9.775    .     , 
h  •=  __ niches 

N2 

If  N  is  the  number  of  revolutions  per  minute, 

N2 

,        35,190.7  .     , 
h  =    — ~rs inches 

N2 

From  the  above  formula,  we  see  that  the  height  is  independent 
of  the  weight  of  the  balls  or  the  length  of  the  rod ;  it  depends 
upon  the  number  of  revolutions.  The  height  varies  invei-sely  as 
the  square  of  the  number  of  revolutions. 

The  ordinary  pendulum  governor  is  not  isochi-onous ;  that  is, 
it  does  not  revolve  at  a  uniform  speed  in  all  i>ositioiis ;  the  speed 
changes  as  the  angle  between  the  arms  and  the  spindle  changes. 

The  early  form  consisted  of  two  heavy  balls  suspended  by 
links  from  a  pin  connection  in  a  veitical  spindle,  as  shown  in  Figs. 
36  and  37.  The  spindle  is  caused  to  revolve  by  belting  or  gear- 
ing from  the  main  shaft  so  that  as  the  speed  increases,  centrifugal 
force  causes  the  balls  to  revolve  in  a  circle  of  larger  and  larger 
diameter.  The  change  of  position  of  these  balls  can  l)e  made  to 
affect  the  controlling  valves  so  that  the  admission  or  the  throttling 
shall  vary  with  their  position.  With  this  governor  it  is  evident 
that  for  a  given  speed  of  the  engine  there  is  but  one  position  pos- 
sible for  the  governor ;  consequently  one  amount  of  throttling  or 
one  point  of  cut-off,  as  the  case  may  be.  If  the  load  varies,  the 
speed  of  the  engine  will  change.  This  causes  the  position  of  the 
governor  balls  to  be  changed  slightly,  thus  altering  the  pressure 
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But  in  order  that  the  pressure  or  cut-off  shall  remain  changed,  the 
governor  balls  must  stay  in  their  new  position.  That  is  to  saj, 
the  speed  of  the  engine  must  be  slightly  changed.  Thus  with 
the  old  ball  governors  there  was  a  slightly  different  speed  for  each 
load.  Tliis  condition  has  l)een  greatly  improved  by  various 
modifications  until  now  such  governors  give  excellent  regulation. 
While  the  engine  is  running  with  a  light  load,  the  valve  con- 
trolled by  the  governor  will  be  open  just  enough  to  admit  steam 
at  a  pressure  that  will  keep  the  engine  running  at  a  given  speed. 
Now,  if  the  engine  is  heavily  loaded,  the  throttle  valve  must  be 
wide  open.  The  change  of  opening  is  obtained  by  a  variation  in 
the  height  of  the  governor,  which  is  caused  by  a  change  of  speed. 
Thus  we  see  that  the  governor  can  contix)!  the  speed  only  within 
certain  limits  which  are  not  far  apart.  The  difference  in  the 
extreme  heights  of  the  governor  must  be  sufficient  to  open 
the  throttle  its  entire  range.  In  most  well-designed  engines  the 
speed  will  not  vary  more  than  4  per  cent ;  that  is,  2  per  cent 
above  or  below  the  mean  speed. 

35  190  7 
From  the  formula  h  =  — '^       '  ,we  can  compute  the  heights 

corresponding  to  given  speeds  as  shown  by  the  following  table : 


Number  of 
Revolutions 
per  Minute. 

Height 

in 
Inche*. 

Variation  of 

Height  in  Inches 

.2  per  cent. 

250 

.563 

.0225 

200 

.879 

.035 

175 

1.149 

.046 

150 

1.564 

.062 

125 

2.252 

.090 

100 

3.519 

.140 

75 

6.256 

.250 

50 

14.076 

.563 

In  the  above  table   the  second  column   is  found  from  the 

35  190  7 
formula  h  z=  — ! L.     The    third   column  is  the  variation    in 

N2 

height  for  a  speed  variation   of  4   per  cent  or  2  per  cent  either 
above  or  below  the  mean. 
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From  the  t&ble  we  see  that  for  a  considerable  variation  of 
jpeed  there  is  but  slight  variation  in  the  height  of  the  governor. 
Also  for  high  speeds  the  height  of  the  governor  is  so  siiiull  that  it 
would  be  difficult  to  construct  it.  The  slight  vHi-iation  in  height 
iB  too  small  to  control  the  cutwiff  or  throttling  mechanLsni  through- 
out the  entire  range. 

Other  disadvantages  of  the  fty-ball  governor  are  us  follows: 
it  is  apparent  that  the  valves  must  be  controlled  by  tlie  weiglit  of 
the  governor  halls.  In  large  engines  tliis  requires  very  heavy 
balls  in  order  to  quickly  overcome  the  resistance  of  the  valves. 
But  these  large  balls  have  considerable  inertia  and  will  therefore 
be  reluctant  to  change  their  speed  with  that  of  the  engine.     The 


Fig.  36. 


KlK.  37. 


increased  weiglit  will  also  increase  tlie  ftictiun  in  the  governor 
joints,  and  Uie  ciHuiping  action  existing  wlieii  tliu  balU  are  driven 
fiy  the  spindle  will  increitse  this  friction  still  further.  All  these 
ihitigs  tend  to  delay  the  action  of  tlie  govuriior,  so  that  in  all 
large  engines  the  old-fashioned  goveinor  became  slavish.  The 
lialls  had  to  turn  slowly  because  they  were  so  lieavy ;  this  was 
especially  troublesome  in  high-speed  engines. 

To  remedy  these  defects  the  weighted  or  Porter  governor  was 
designed.  (See  Fig.  38.)  It  has  a  greater  lieight  for  a  given 
speed,  and  the  vnriation  in  height  for  a  given  varitition  of  speed  is 
greatei'.  Wlien  a  governor  has  this  latter  ([uality,  that  is,  a  great 
variation  in  height  for  a  given  variation  of  speed,  it  is  siid  to  be 
sensitive.  By  inci'easing  this  variation  m  height  the  sensitiveness 
is  increased.     Thus,  if  a  governor  running  at  GO  revolutions  lias  a 
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variation  in  height  of  .57  inch,  it  is  not  as  sensitive  as  one  having 
a  variation  of  1  inch  for  the  same  speed. 

In  the  weighted  governor,  the  weight  is  formed  so  that  the 
center  of  gravity  is  in  the  axis.  It  is  placed  on  the  spindle  and  » 
is  free  to  revolve.  The  weight  adds  to  the  weight  of  the  balls, 
and  thus  increases  the  moment  of  the  weight.  It  does  not,  how- 
ever, add  to  the  centrifugal  force,  and  hence  the  moment  of  this 
force  is  unchanged.  We  may  then  say  the  weight  adds  effect  to 
the  weight  but  not  to  the  centrifugal  force,  and  sis  a  consequence 
the  height  of  the  governor,  for  a  given  speed,  is  increased.  If  we 
let  W  equal  the  combined  weight  of  the  balls  as  before,  and  W 
equal  the  added  weight,  the  monients  are, 

(W  +  W)  X  r  =  F  h 

(W  +  W')Xr  =  ^^^X  h 

W  X  •*  •"■2  r2  N2 
_  (W  X  W)  ^        // 


'X 


W  4  7r3N» 


We  k'low  that 


9        _  -8146 


4^3N2  N2 


Ti        ;         (  W+W  )   ^.8146 
Then   h=    \-^r--\   X-N— • 


Hence  the  height  of  a  weighted  governor  is  equal  to  the 
height  of  a  simple  pendulum  governor  multiplied  by 

— W— 1    "-^     r  +  W 

For  instance,  if  the  height  of  a  simple  pendulum  is  10  inches, 
and  the  weight  of  the  balls  equal  to  the  added  weight,  the  height 
w\U  be, 

.8146 


»=ITh^ 


_  2  y  -8146 
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Thus  we  see  that  if  a  weight  equal  to  the  combined  weight  of 
the  balls  is  added,  the  height  of  the  governor  will  be  doubled. 

We  know  that  if  the  balls  fall,  the  cut-off  comes  later.  If 
the  belt  driving  the  governor  slips  off  or  breaks,  the  balls  will 
drop,  and,  making  the  cut-off  later,  will  allow  the  engine  to  "  nm 
away."  To  diminish  this  danger  many  govemoi-s  are  provided 
with  some  kind  of  safety  stop,  which  closes  the  valve  when  the 
governor  loses  its  normal  action.  Usually  a  trip  is  provided 
which  the  governor  does  not  touch  in  its  normal  positions,  but 
which  will  be  released  if  the  balls  drop  down  below  a  certain 
point. 

In  another  arrangement,  instead  of  a  weight,  a  strong  spring 
is  used,  and  this  makes  it  possible  to  put  the  governor  in  any 
pasition. 

Sprini^  Qovemors.  In  many  cases  a.  spring  is  used  in  place 
of  the  weight.  This  type  of  govenior 
is  used  frequently  on  throttling  engines ; 
it  consists  of  a  pendulum  governor  with 
springs  added  to  counteract  the  cen- 
trifugal force  of  the  balls.  Thus  the 
height  and  sensitiveness  are  increased. 
Fig.  39  shows  the  >exterior  view  of  a 
Waters  governor,  and  Fig.  40  the  same 
governor  having*  the  safety  stop.  In 
this  governor  the  weights  are  always  in 
the  same  plane,  the  variation  in  height 
being  due  to  the  action  of  the  bell 
ci-ank  levers  connecting  the  balls  and 
spindle.  When  the  balls  move  outward  the  spindle  moves  down- 
ward and  tends  to  close  the  valve.  The  govenior  balls  revolve 
hy  means  of  a  belt  and  bevel  gears.  The  valve  and  seat  are 
shown  in  section  in  Fig.  41.  The  valve  is  a  hollow  cylinder 
with  three  ports,  by  means  of  which  steam  enters  the  valve.  The 
seat  is  made  in  four  parts,  that  is,  there  ai-e  four  edges  that  the 
steam  passes  as  it  enters  the  valve.  The  valve  being  cylindrical 
and  having  steam  on  both  sides  is  balanced,  and  because  of  the 
many  openings  only  a  small  travel  is  necessary. 

Shaft  Qovemors.     Usually  some  form  of  pendulum  govemor 


Fig.  ss. 
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ia  iiireil  for  tlimtUing  engines.  For  gf>veming  an  engine  by  vaty- 
irig  Uh'  point  of  nit-nff,  sliiift  j^ovemora  itre  generally  used ;  how- 
ever, Corlics  engiiu'K  iiml  some  others  use  pemlulum  governors  for 
tills  purpose.  Cnt-off  poveniors  are  cu!le<l  slmft  gnvernora  because 
they  are  placed  nn  tlip  niiiin  shiift;  they  are  made  in  many  forms. 
lint  the  essentifti  featuifs  of  all  are  the  same.  Two  pivoted  masses 
or  weights  »re  arninged  symmetncaliy  on'opposite  sides  of  tlie 
shaft,  ami  their  tendency  to  fly  outward  when  the  speed  increases 
is  resisted  by  springe.  The  outward  motion  of  the  weights  closes 
tite  admission  valve  earlier,  luid  the  inward  motion  closes  it  later. 
This  change  is  effected  by  altering  tlie  position  of  the  eccentric, 
eitiier  by  changing  the  eccentricity  or  the  angular  advance. 


Shaft  govrrnors  me  mailo.  in  a  great  variety  of  ways,  no  iwif 
types  Iteing  exactly  alike.  If  the  principles  of  a  few  types  am 
understood,  it  js  easy  to  nndei-staiid  others.  The  followiiu;  illus- 
Hates  two  conniion  methods  of  shifting  the  eccentric. 

Buckeye  Engine  Qovernor.  The  valve  of  the  Buckeye  en- 
gine JB  hollow  and  of  the  slide  valve  tyjie.  The  cut-off  valve  ia 
inside.  The  change  of  cut-off  is  due  to  the  alteration  of  the 
angular  advance.  The  arrangement  of  the  parU  which  effect  the 
change  of  angular  advance  is  shown  in  Fig.  42.     A  wheel  which 
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contains  anil  supports  the  various  jtarts  of  tlie  governor  in  l;eye<l  to 
the  shaft.  Two  arms,  hiiving  weights  A  A  at  the  ends,  are  pivoted 
to  the  amid  of  the  wlieel  at  b  h.  Tlie  ends  having  the  weights  are 
connectedtotliecolUron  the  loose  eccentric  Cl»y  means  of  rods  B  |{. 

When  the  weight*  move  to  the  position  indicated  by  the 
dotted  lines,  the  eccentric  is 
turned  on  the  shaft  about  a 
quaiter  of  a  revolution  in  the 
direction  in  which  the  engine 
runs.  That  is,  the  eccentric  is 
advanced  or  the  angular  ad- 
vance is  increased.  Now  we 
know  that  if  the  angular  ad- 
vance is  increased,  cutKiff  occui^s 
earlier.  This  ia  shown  by  the 
table  on  page  12  of  "Valve 
fiears."  If  the  engine  had  a 
single  ijliiin  slide  valve  tlie  varia- 
tion of  tlie  angular  advance 
would  produce  tflo  great  a  varia- 
tion of  lead  ;  but  as  this  engine 
has  a  separate  valve  for  cut-off, 
admission  is  not  altered  by  tlie 
cut-off  valve. 

The  springs  F  F  balance  the  centrifugal  fnroi'  i>f  tlie  weights. 
The  weights  A  A  are  varied  to  suit  tlic  sjieed ;  the  tension  on  the 
springs  is  altered  by  means  of  the  screws  <t  c.  Auxiliary  spring 
are  added  in  order  to  obtain  the  exactness  of  i-egulation  necessary 
for  electric  lighting.  These  spiings  tend  to  throw  the  arms  out- 
ward, but  act  only  during  the  inner  half  of  this  movement. 

The  Stralsht-Llne  Enfflne  Qovemor.  Fig.  43  shows  the  gov- 
ernor of  the  straight-line  engine.  It  has  but  one  biill,  B,  which  is 
linked  to  the  spring  S  and  to  the  plate  D  E,  on  wliieh  is  the  eccen- 
trii!  C.  When  the  ball  flies  outward  in  the  direction  indicated  by 
the  arrow  F,  the  eccentric  is  shifted  about  the  pivot  O;  the  links 
moving  in  the  direction. of  arrow.  H.  The  ball  ia  heavy  and  at 
a  considerable  distance  from  the  center;  hence  it  haa  a  great 
csntrifugal  foree,  and  the  spring,  must  be  stiff. 


fig.  41. 
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The  goveruor  of  the  Buckeye  engine  alters  the  cut-off  by 
cluuiging  the  angular  advance.  The  straight-line  engine  governor 
changes  the  travel  of  the  v»lve.  Shaft  governors  which  alter  the 
cut-off  by  changing  tlie  valve  travel  are  very  common. 

LUBRICATHm. 

If  two  pieces  of  cast  iron,  just  as  they  come  from  tbe  foundry, 
are  rubbed  together,  they  will  not  slide  over  each  other  easily, 
because  ot  little  projections.     If  tlii;:  same  iron  is  filed  or  planed. 


Fig.  42. 


the  pieces  will  slide  much  more  easily.  This  is  because  the  rough 
places  have  been  smoothed,  or  titled  up  with  dust.  If  now  we  put 
some  engine  oil  on  the  pieces,  they  will  slide  very  easily.  This  is 
because  the  more  minute  depressions  have  been  filled  up  and  the 
whole  surface  is  niade  comparatively  smooth.  No  matter  how 
carefully  we  might  plane  and  polish  any  surface,  a  microscope 
would  show  ^hat  it  was  still  a  little  rough. 

One  cause  of  loss  of  powerin  the  steam  engine  is  friction.  In  all 
engines  there  are  so  many  moving  pai-ts  that  it  is  of  great  impor- 
tance that  friction  should  be  reduced  as  mucli  as  possible.     This  is 
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done  by  making  the  surfaces  in  contact  smooth  and  of  ample  size ; 
also  making  them  of  different  metals  and  using  oils  or  other 
lubricants.  The  effect  of  the  lubricant  is  to  interpose  a  thin  film 
l)etween  the  surfaces.  This  prevents  tlieir  coming  into  actual  con- 
tact. If  the  oil  is  too  thin  or  the  pressure  too  great,  the  lubricant 
is  squeezed  out  and  the  metal  surfaces  come  in  contact. 

Thus  we  see  that  thei*e  are  certain  qualities  which  a  lubricant 
must  liave.     They  ara  as  follows  : 

The  lubricant  must  be  sufficiently  fluid,  so  that  it  will  not 
itself  make  the  bearing  run  hard. 

It  must  not  be  too  fluid  or  it  will  be  squeezed  out  from  be- 
tween the  bearing  surfaces.     If  this  happens,  the  bearing  will 


Fig.  43. 

immediately  begin  to  keat  and  cut  The  heating  will  tighten  the 
bearing,  and  will  thus  increase  the  pressure  and  the  cutting. 

It  must  not  gum  or  dry  when  exposed  to  the  air. 

It  must  not  be  easily  decomposed  by  the  heat  generated.  If 
it  should  be  decomposed,  it  might  form  substancet  whioh  would 
be  injurious  to  the  bearings. 

It  must  Bot  take  fire  easi^. 
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It  must  contain  no  acid,  and  should  form  no  acid  in  decom- 
posing, as  acids  corrode  the  bearings. 

Both  mineral  and  animal  oils  are  used  as  lubricants.  For- 
merly animal  oils  were  used  entirely,  but  they  were  likely  to 
decompose  at  high  temperatures  and  form  acids.  It  is  important 
ill  using  high-pi-essure  steam  to  have  *'  high-test  oils,"  that  is,  oils 
which  will  not  decompose  or  volatilize  at  the  temperature  of  the 
steam.  It  was  the  difficulty  of  getting  such  oils  which  made  great 
trouble  when  superheated  steam  was  first  used.  Mineral  oils  will 
stand  these  temperatures  very  readily,  and  even  if  they  do  decom- 
pose, they  form  no  acids. 

The  Liquid  Lubricants,  whether  of  animal,  vegetable  or 
mineml  origin,  may  l)e  used  for  owlinary  bearings,  but  for  valves 
and  pistons  heavy  mineral  oils  only  are  suitable. 

Solid  Lubricants  •  Graphite  is  used  as  a  lubricant.  It  is  well 
adapted  for  heavy  piessures  when  mixed  with  certain  oils.  It  is 
especially  valuable  for  heavy  pressures  and  low  velocities. 

Mi'tidUne  is  a  solid  compound,  containing  gmphite.  It  is 
made  in  the  form  of  solid  cylindera,  which  are  fitted  to  holes  drilled 
into  the  surface  of  the  bearing.  Wh^n  a  bearing  is  thus  fitted  no 
other  lubricant  is  necessary. 

Sodpstone  ill  the  form  of  powder  and  mixed  with  oil  or  fat  is 
sometimes  used  as  a  lubricant.  Soap  mixed  with  graphite  or  soap- 
stone  is  often  used  where  wood  is  in  contact  with  wood  or  iron. 

A  preparation  called  Fib'^er  Graphite  is  used  for  self-lubricat- 
ing bearings.  It  is  made  of  finely  divided  graphite  mixed  with 
fibers  of  wood.  It  is  pressed  in  molds  and  afterward  fitted  to 
bearings. 

For  great  pressure  at  slow  speed,  graphite,  lard,  tallow  and 
other  solid  lubricants  are  suitable.  If  the  pressure  is  great  and 
the  speed  high,  castor,  sperm  and  heavy  mineral  oils  are  used. 

For  low  pressure  and  high  speed,  olive,  sperm,  rape  and 
refined  petroleum  give  satisfaction. 

In  ordinary  machinery,  heavy  mineral  and  vegetable  oils  and 
lard  oil  are  good.  The  relative  value  of  various  lubricants  depends 
upon  the  prevailing  conditions.  Oil  that  is  suitable  for  one  place 
might  not  flow  freely  enough  for  another. 

The  quality  of  oil  is  of  great  importance.     In  many  branches 
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of  industry  it  ia  imperative  that  the  tnachineiy  run  as  perfectljr  as 
possible.  On  this  account  and  because  of  the  high  cost  of 
macliinery,  only  first-class  oil  should  be  used.  The  cylinder  oil 
especially,  should  be  high  grade,  because  the  vaiveB,  piston  tind 
piston  rods  are  the  most  delicate  parts  of  the  en^e. 

Engines  ara  lubricated  by  means  oE  oil  cups  and  wipers 
placed  on  the  bearings  wherever  required.  They  are  made  in 
many  forms,  dependent  upon  the  manufacturers.  Commonly  the  oil 
cup  is  made  with  a  tube  extending  up  through  the  oil.  A  piece 
of  lampwick  or  worsted  leads  from  the  oil  in  the  cup  to  the  tube. 
Capillary  attraction  causes  the  oil  to  flow 
coiilinuously  and  drip  down  the  tube.  When 
nut  iti  use,  tlie  lampwick  sliould  be  with- 
dniwn. 

Tbe  needle  oil  cup  differs  from  the  cap-  t 
illary  oil  cup  in  that  a  small  wire  or  needle 
extends  through  the  tube  and  oil;  one  end 
rests  on  the  jimnial  to  be  lubricated.     The   ' 
needle   should  fit    ttie  tube  closely,   so  that 
when  tlie  machineiy  is  at  rest  no  oil  will  flow.  J 
When  revolving,  the  shaft  gives  the  needles 
a  wabbling  motion  which  makes  the  oil  flow. 
To  increase  the  supply,  a  smaller  needle  is 
used. 

The  oil  cup  shown  in  Fig.  44  is  simple 
and  economical.  The  opening  of  the  valve  is 
regulated  byanadjustablestop.  The  oil  may 
be  seen  as  it  flows  drop  by  drop.  The  cylin- 
drical portion  is  made  of  glass,  so  that  the 
engineer  can  see  how  much  oil  then  is  in  the  cup  without  open- 
ing it. 

A  form  of  wiper  crank  pin  oiler  is  ehown  in  Fig.  45.  Tht 
oil  cup  is  attached  to  a  bracket.  Tbe  oil  drops  from  the  cnp  into 
a  sheet  of  wicking  or  wire  cloth  and  is  removed  at  each  revolatioii 
of  the  crank  pin  by  means  of  the  cup  which  is  attached  to  Uw  end 
of  the  connecting  rod. 

Fig.  46  shows  a  centrifugal  oiling  device.  The  oil  floira 
from  the  oil  cup  tiuough  the  tube  to  the  small  hole  in  tlw  onnk 
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pin  by  centrifugal  force.     It  reaches  the  bearing  surface  by  meam 
of  another  small  hole. 

In  oiling  the  valve  chest 
and  cylinder  the  lubricant 
must  be  introduced  gainst 
the  pressure  of  the  steam. 
This  can  be  done  in  several 
ways,  in  each  of  which  it  is 
introduced  into  the  steam 
before  it  reaches  the  valve 
chest  iind  is  carried  to  the 
surfaces  to  be  lubricated. 

The  oil  can  be  forced 
into  the  steam  pipe  by  a  small 
hand  pump  or  in  lai^e  engines  by  an  attachment  from  the  engine 
itself.  The  supply  of  oil  is,  of  course,  intermittent  if  the  pump  ia 
driven  by  band,  but  conlinu- 
ouB  and  economical  if  driven 
by  the  engine. 

Sight  Feed  Lubricators. 
The  moat  coiiininn  device  for 
feeding  oil  to  the  cylinder  is 
that  which  introduces  the  oil 
drop  by  drop  into  the  steam 
when  it  is  in  the  steam  pipe 
or  steam  chest.  The  oil  be- 
comes vaporized  and  lubii- 
cates  all  the  internal  surfaces 
of  the  engine. 

Fig.  47  shows  the  sec- 
tion of  a  sight  feed  lubricator. 
The  reservoir  0  is  filled  with 
oil.  The  pipe  B,  which  con- 
nects with  the  steam  pipe,  is 
partly  filled  with  condensed 
steam,  which  flows  down  tlie  small  ciirvod  ])t])e  E  to  the  bottom  of 
the  chamber  O.  A  small  portion  of  tlie  oil  is  thus  displaced  and 
flows  from  the  top  of  the  i-eservoir  O  down  the  tube  F,  by  the 
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regulating  valve  D,  and  up  through  the  glass  tube  8,  which  is 
filled  with  water.  It  enters  the  main  steiim  pipe  through  the  con- 
nection A.  The  gage  glass  G  indicates  the  height  of  water  in 
the  chamber  O.  To  fill  the  lubricator,  close  the  regulating  valve 
O  and  the  valve  in  pipe  B;  the  oil  chamber  can  then  be  drained 
and  filled.  If  the  glass  S  becomes  clogged  it  may  be  cleaned  by 
shutting  valve  D  and  opening  the  small  valve  H.  This  will 
allow  steam  to  blow  through  the  glass.  After  cleaning  close 
valve  II  and  allow  glass  S  to  become  filled  with  water  before 
opening  the  feed  valve.  The  amount  of  oil  fed  to  the  cylinder  can 
be  regulated  by  opening  I> 
(Fig.  47)  the  proper  amount. 
The  exact  quantity  of  oil 
necessary  for  the  engine  is 
Dot  easily  detemilned.  For 
ordinary  sizes  it  is  between 
one  dmp  in  two  minutes  and 
two  drops  per  minute. 

Graphite  is  an  excellent 
lubricant  and  can  I>e  intro- 
duced into  the  cylinder  dry 
or  mixed  with  some  heavy 
grease.  It  h:is  iieen  used 
extensively  because  of  tlie 
trouble  which  cylinder  oil 
gives  in  the  exhaust  and  in 
the    boilers    of     condensing 


Fig.  47. 


In  8low*speed  engines  it 
is  not  hard  to  attend  to  the 
oiling  ;  all  the  parts  are  moving  slowly  and  can  be  readily  examined 
and  oiled.  Many  high-speed  engines  run  so  fast  that  it  is  impossible 
to  examine  the  vaiious  parts,  and  special  means  must  be  provided 
for  lubricating.  It  is  specially  important  in  high-speed  engines 
that  there  should  be  no  beating.  High-speed  engines  are  genei^ 
ally  used  for  electric  lighting,  and  it  is  absolutely  essential  that 
they  be  kept  running  at  the  required  speed  to  avoid  flickering 
lights.     Thus,  while  there  is  greater  liability  to  heating  in  bigh^ 
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speed  engines,  then  is  also  much  greater  loss  in  case  heating 
compels  the  stopping  of  an  engine. 

In  order  to  avoid  the  danger  of  forgetting  to  oil  a  bearing  of 
a  high-speed  en^ne,  it  is  cuBtomary  to  have  all  the  bearings  oiled 
from  one  place.  All  the  oil  is  supplied  to  one  reservoir  and  from 
this  reservoir  pipes  lead  to  all  bearings.  If  this  is  not  done,  lai^e 
oil  cups  are  supplied,  as  a  rule,  so  that  oiling  need  not  be  attended 
to  as  frequently. 

In  some  high-speed  engines  the  moving  parts  are  enclosed 
and  the  crank  ruas  in  a  bath  of  oil.  This  secures  certain  oiling 
and  is  very  effective.  All  the  bearings  may  be  inside  this  crank 
case,  BO  that  all  are  oiled  in  this  way.  It  is  impossible  for  a  care- 
less engineer  to  overlook  one  point  and  so  endanger  the  whole 


STEAH  TURBINE. 

The  very  earliest  records  of  the  steam  engine  describe  a  form 
of  steam  turbine.  It  conijisted  of  a  hollow  sphere,  as  shown  in 
Fig.  48,  mounteil  on  trun- 
nions, through  which  steam 
was  admitted  to  the  in- 
terior. Tliis  steam  escaped 
through  pipes  bent  tangen- 
tially  to  the  equator  line 
of  the  sphere.  The  force 
of  the  escaping  steiim  re- 
acted upon  the  sphere, 
causing  it  to  revolve  on 
its  trunnions.  Many  cen- 
turies later,  in  1629, 
Bianca,  an  Italian, invented 
a  rotary  engine  (Fig.  49), 
in  which  a  jet  of  steam 
struck  the  vanes  of  a 
wheel,  and  thus  forced  it  around  in  much  the  same  way  that  a  jet 
of  water  acts  on  a  Pelton  water-wheel.  These  engines  were  of 
little,  if  any,  practical  value,  and  used  an  immense  quantity  of 
steam. 
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In  1705  the  reciprocating  engine  was  introduced,  and  by 
means  of  Watt's  inventions  l)ccanie  so  efficient  that  the  develop- 
ment of  the  rotary  engine  was  out  of  the  question.  It  will  be 
remembered  that  Watt  introduced  the  expansive  use  of  steam  in 
the  reciprocating  engine,  which  at  this  time  could  not  be  accom- 
plished in  the  rotary  engine,  and  until  within  the  last  few  years 
practically  nothing  was  done  to  develop  the  turbine. 

Since  the  days  of  Watt  there  has  been  but  one  important 
thermodynamic  improvement  in  the  reciprocating  engine ;  namely, 


Fig.  40. 

the  introduction  of  comi)ound  expansion.  All  other  improve- 
ments have  been  in  the  nature  of  mechanical  devices,  and  it  seems 
reasonable  to  suppose  that  the  greatest  developments  of  the 
future  may  possibly  be  in  the  production  of  some  type  other  than 
the  reciprocating  engine. 

In  1888  De  Leval  invented  a  successful  turbine  for  running 
a  cream  separator,  and  a  short  time  later  Pai-sons  introduced  an- 
other. Both  of  these  engines  employed  the  expansive  foice  of 
steam,  but  each  derived  this  force  in  a  different  way. 

Since  1883  the  development  of  the  turbine  has  been  veiy 
rapid.  The  first  engine  introduced  by  De  Leval,  although  far 
ahead  of  the  earlier  forms,  was  still  very  wasteful  of  steam ;  but 
now  such  improvements  have  been  made  that  their  steam  eon- 
sumption  compares  very  favorably  with  the  consumption  of  good 
reciprocating  engines. 
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A  modern  turbine  is  a  tremendously  high-speed  engine.  It 
does  not  derive  its  power  from  the  static  force  of  steam  expanding 
behind  a  piston,  as  in  the  reciprocating  engine,  but  in  this  case 
the  expanding  steam  produces  kinetic  energy  of  the  steam  par- 
ticles. These  particles  receive  a  high  velocity  by  virtue  of  the 
expansion,  and,  acting  upon  the  vanes  of  a  wheel,  force  it  around 
at  a  high  speed  of  rotation  in  some  such  manner  as  a  stream  of 
water  rotates  a  water-wheel. 

In  the  reciprocating  engine  the  expansion  produces  a  force 
which  presses  on  the  piston.  In  the  rotary  engine  the  expansion 
produces  velocity  in  a  jet  of  steam.  This  is  the  fundamental  dif- 
ference between  the  two  forms. 

The  essential  principles  of  water  turbines  are  equally  true 
of  steam  turbines.  The  jet  must  strike  the  vanes  without  a  sud- 
den shock,  and  must  leave  them  in  another  direction  without  any 
sharp  deflections.  For  maximum  efficiency  the  De  Leval  engine 
should  have  a  jet  velocity  equal  to  one-half  the  linear  velocity  of  a 
point  on  the  wheel-rim ;  for  the  Parsons  these  velocities  should 
be  equal.  If  the  velocity  of  steam  is  8,000  feet  per  second,  it  is 
easily  seen  that  even  one-half  of  this  would  cause  too  great  a  speed 
of  rotation  for  safety.  It  would  be  diflieult  to  build  a  wheel  that 
would  be  strong  enough  to  withstand  the  centrifugal  force  at  this 
high  speed.  It  Ijecomes  necessary,  therefore,  to  reduce  the  speed 
to  the  limits  of  safety,  and  run  under  ii  slightly  less  efficiency. 

At  such  high  speed  the  shaft  and  wheel  shouhl  be  perfectly 
balanced,  in  order  that  its  center  of  gravity  may  exactly  coincide 
with  the  axis  of  rotation.  In  practice  it  has  In^en  found  impos- 
sible to  balance  the  shaft  perfectly ;  and  in  order  tliat  it  may 
revolve  about  its  center  of  ufmvity,  various  means  are  adopted  to 
overcome  the  rigidity  of  an  ordinary  shaft  and  bearing.  This 
makes  high  speed  of  rotation  possible  without  any  apparent 
vibration. 

De  Leval  Itirhine.  The  De  Leval  turbine  shown  in  Fig.  50 
consists  of  a  wheel  with  suitably  shaped  buckets,  against  which  a 
jet  of  steam  is  directed.  The  buckets  are  on  the  rim  of  the 
wheel  and  are  surrounded  by  a  casing  B,  which  prevents  the 
escape  of  the  steam  until  it  has  done  its  work.  A  piece  of  this 
casing  is  cut  away  at  A  in  order  to  show  the  buckets.     The  steam 
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from  the  nozzle  strikes  these  bucketa  and  is  deflected.  Thus' by 
the  impact  of  the  jet  and  the  reaction  due  to  its  deflection,  the 
wheel  is  caused  to  revolve  at  a  high  speed. 

There  are  osualty  four  nozzles  that  supply  steam  to  the  tur- 
bine, one  of  which  is  shown  in  section  at  D.  These  nozzles  are 
small  at  the  throat  and  divei^  outward.  By  making;  them  of 
the  right  length  and  with  the  proper  amount  of  divergence,  the 
steam  can   be  expanded  from  the  pressure  of  admission  to  the 


Fig.  SO. 


pressure  of  tlie  condenser.  Complete  expansion  is  obtained  in 
this  diveiging  nozzle,  and  tlic  stcutii  leaves  it  at  the  exhaust 
pressure.  The  steam  then  works  only  by  virtue  of  its  high 
velocity. 

This  turbine  has  a  long,  flexible  sliaft  0  which  can  deflect 
enough  to  make  up  for  any  eccentricity  of  the  center  of  gravity  of 
the  shaft,  and  thus  allow  the  shaft  to  revolve  about  its  center 
of  gravity  and  still  have  rigid  bearings  at  the  end. 

Admission  is  regulated  by  a  throttle-valve,  controlled  by  a 
fly  bull  governor. 
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Fig.  51  shows  a  De  Lev^  turbine  connected  with  a  generator. 

The  Parsons  Turbine.  Fig.  52  is  a  longitudinal  section  of  a 
Westinghouse-Paraons  turbine.  Steam  entera  the  chamber  A  and 
passes  through  the  turbine  vanes  to  the  exhaust  chaml)er  B.  The 
vanes  are  arranged  as  shown  in  Fig.  53,  and  consist  of  alternate 
sets,  one  stationary,  the  next  movable.  The  steam  strikes  one  and 
is  deflected  to  the  next;  thus  tlie  action  and  the  reaction  occurring 
in  rapid  succession  cause  the  movable  sets,  which  are  fixed  to  the 
shaft,  to  rotate  at  a  high  speed.  As  the  steam  passes  the  different 
sets  of  blades,  the  volume  of  the  passages  increases  to  correspond 
witli  the  expansion  of  the  steam.  In  the  De  Leval  the  steam 
was  expanded  entirely  before  reachii^g  the  wheel,  but  in  the 
Pai-sons  tlie  expansion  is  accomplished  in  the  engine  itself.  As 
llie  steam  entei-s  the  chamber  A  (see  Fig.  52)  it  presses  on  the 
turbine  vaiirs  and  it  also  presses  equally  and  in  tlie  opposite  direc- 
tion on  (\  which  is  really  a  piston  fixed  to  the  shaft.  Thus  we 
see  that  the  pressure  to  the  right  is  equal  to  the  pressure  to  the 
left,  and  there  is  no  end  pressure  on  the  Ijearing  of  the  shaft.  C^ 
and  Cj  balance  the  steam  pressure  in  the  chambers  E  and  G»  At 
H  is  a  bearing  which  serves  to  maintain  a  correct  adjustment  of 
the  balance  pistons  C.  There  is  probably  some  escape  of  steam 
past  these  balancing  pistons,  but  it  is  small.  The  exhaust  steam 
at  B  presses  the  turbine  toward  the  left,  and  would  cause  an  end 
pressure;  on  the  bearing  were  it  not  that  the  pipe  K  oi)ens  a  coni- 
mnnicati(m  l)etween  the  exliaust  chamber  B  and  the  back  of  the 
balancing  pistons,  which  makes  the  pressure  equal  at  both  ends. 

The  bearing  consists  of  a  gun-metal  sleeve  suiTounded  by 
three  concentric  tnl>es.  There  is  a  small  clearance  iKjtween  these 
tul)es  which  fills  with  oil  and  permits  the  bearing  to  run  slightly 
eccentric  to  counteract  any  lack  of  balance  in  the  shaft.  Thus 
the  shaft  may  revolve  about  its  center  of  gnivity,  and  this  oil  bear- 
ing serves  the  same  purpose  as  the  De  Leval  flexible  shaft. 

At  P  is  shown  a  by-pass  valve  by  means  of  which  live  steam 
may  be  admitted  to  the  space  E,  if  desirable.  Of  course  this 
reduces  one  stage  of  the  expansion,  with  a  coiTesponding  loss  of 
economy,  but  will  increivse  the  power  of  the  turbine.  If  the  con- 
denser fails  on  a  condensing  tuibine  it  may  still  be  run  at  full  load 
by  opening  the  by-pass  valve. 
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Steam  is  admitted  to  this  turbine  in  puffs  tlirough  a  recipro- 
cating valve.  A  fly-ball  governor  regulates  tlie  admission,  which 
is  always  at  boiler  pressure. 

For  electric  gener<itx)i-s  the  turbine  has  many  advantages, 
among  them  high  speed  and  direct  connection.  They  have  small 
foundations  and  take  up  little  space;  there  is  slight  loss  from  fric- 
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tion  and  few  parts.  Where  slow  speed  is  desired  a  reciprocating 
engine  is  probably  the  best.  Tlie  turbines  use  sliglitly  more  steam 
at  present  than  the  best  reciprocating  engines,  but  the  difference 
between  the  two  types  in  matter  of  steam  consumption  is  growing 
steadily  less.  The  turbine  is  an  efficient  engine,  but  there  is 
doubtless  a  chance  for  further  improvement. 
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Th«  prineipltt  of  the  Curtis  turbine  differs  from  tli&t  of  any 
other  type  in  that  it  permits  the  use  of  iiiodemte  rotative  speeds 
and  very  compact  and  simple  mechanism.  The  turbine  is  divided 
into  stages,  each  of  which  contains  one,  two,  or  more,  revolving 
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DTAQRAM  OF  NOZZLES  AND  BUCKETS  IN  CnRTlS  STEAM  TtTRBINE. 

buckets  supplied  with  steaiu  from  a  set  of  expansion  nozzles.  As 
the  work  is  divided  into  several  stages,  the  nozzle  velocity  in  each 
stage  is  reduced,  thereby  rendering  the  nozzle  action  more  elBcient 
and  perfect  than  is  possible  where  a  higher  initial  velocity  is 
imparted.  The  division  of  pressure  between  the  stages  is  arranged 
to  utilize  the  largest  possible  proportion  of  the  energy  of  expan- 
sion. The  position  of  the  moving  and  stationary  buckets  with 
relation  to  the  nozzle  is  shown  in  the  accompanying  diagram. 
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Vertical  Type.  For  turbines  of  large  capacity  the  GeDeral 
Electric  Company  has  applied  these  principles  to  a  tnrbine  with 
a  vertical  shaft,  to  avoid  all  imposition  of  weight  on  cylindrical 
bearings  and  tendency  to  shaft  deflection  as  well  as  all  difficalties 
dae  to  irregularity  of  expansion  or  imperfections  of  support. 
The  turbine  is  compact  and  of  the  greatest  mechanical  simplicity. 
Step-Bearini^.  The  step-bearing  at  the  end  of  the  vertical 
shaft  supports  the  revolving  part  and  maintains  the  revolving  and 
stationary  elements  in  exact  relation.  It  consists  of  two  cylin- 
drical,  cast-iron  plates  bearing  upon  each  other  and  with  a  central 
recess  to  receive  the  lubricating  fluid,  which  is  forced  in  by  pumps 
with  a  pressure  sufficient  to  sustain  the  weight  of  the  revolving 
part.     It  is  apparent  that  the  entire  weight  of  the  machine  is  thus 

carried  upon  a  film  of  lub- 
ricating fluid  and  that 
there  is  no  appreciable 
friction.  When  the  flow 
of  liquid  is  interrupted, 
the  bearing  is  slowly  worn 
NOZZLE.  away,  but  experience  has 

shown  that  interruptions 
in  the  flow  seldom  cause  any  deterioration  which  prevents  the  con- 
tinuance of  the  machine  in  service  after  the  flow  is  re-established. 
The  tendency  of  the  bearing  in  such  cases  is  to  wear  itself  to  a  new 
surface  so  that  it  operates  normally. 

All  large  steam  turbines  are  necessarily  dependent  upon 
forced  lubrication.  Failure  of  lubrication  in  a  horizontal  turbine 
is  liable  to  cause  serious  trouble  through  cutting  of  the  shaft  or 
interference  with  the  alignment.  In  the  Curtis  vertical  type  the 
possibility  of  any  trouble  is  minimized  and  the  simple  cast-iron 
blocks  can  readily  be  replaced  at  trifling  expense.  In  large  sta- 
tions, where  several  turbines  are  operated,  it  is  desirable  to  install 
weighted  accumulators  which  will  maintain  a  constant  pressure 
and  also  act  as  a  reserve. 

Clearances.  In  consequence  of  the  exact  relation  maintained 
between  the  revolving  and  stationary  elements  by  the  step-bearing, 
it  is  possible  to  operate  the  turbines  with  very  small  clearances 
between  the  moving  and  stationary  buckets.     Experience,  how- 
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ever,  haa  shown  that  the  redaction  of  clearance  beyond  a  certain 
point,  ia  not  beneficial,  and  tbat  clearances  less  than  those  which 
are  desirable  for  ecoooiuical  reaaona  can  be  used  without  mechan- 
ical difficulty. 


Balance.  A  most  ioiportant  matter  in  all  steam  turbine 
work  IB  the  balance;  and  the  importance  of  good  balance  applies 
as  well  to  vertical  turbines  as  those  that  are  operated  in  a  horizon- 
tal position.  "When  the  balance  is  good,  the  bearings  on  the 
vertical  turbine  shaft  are  practically  free  from  strain  or  friction. 
It  is  [wasible  to  operate  these  macliinea  auccesafnlly  wiih  a  con- 
siderable imperfection  of  balance,  but  a  perfect  balance  is  practi- 
cable and  ahould  be  attained  in  every  case. 
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Qovernins.  The  speed  of  these  turbiues  with  variable  load 
is  controlled  by  the  autotnatii;  opening  and  closing  of  the  original 
admissioD  nozzle  set-tionB.  A  fentrifugal  governor,  attached  to  the 
top  of  the  shaft,  imparts  motion  to  levers  which  in  turn  work  the 
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valve  niechauisni.  There  are  several  valves,  each  coniitiunicating 
with  a  single  nozzle  section,  or  in  some  cases  two  or  more  nozzle 
sections.  Tiiese  valves  are  connected  to  long  pistons,  by  which 
the  valve  can  be  opened  or  closed  by  steam.  The  motion  of  each 
of  these  pistons  is  controlled  by  a  small  pilot  valve  which  is 
worked  by  the  governor  mech- 
anism. The  movement  of  tlie 
governor  mechanism  moves 
the  pilot  valves  successively 
audthe  main  valves  are  opened 
or  closed  by  the  steam.  By 
suitable  adjustment,  almost 
any  degree  of  accuracy  tn 
speed  control  is  obtainable. 
The  eleam  consumption  uf  turbines  is  naturally  dependent 
upon  speed,  size,  and  other  conditions,  and  varies  in  different  indi- 
vidual designs.  Machines  of  this  type  show  excellent  results  as 
compared  witli  other  turbines  and  engines,  the  light-load  and  over- 
load efficiency  Iwing  a  marked  advantage.  The  guarantees  of  steam 
economy  made  by  the  General  Electric  Company  are  based  upon 
results  obtained  with  njachiues  in  operation. 

Condensers.     The  larger  sizes  of  Curtis  turbines  are  desigued 
to  operate  condensing,  but  they  are  all  adapted  to  operate  uon- 
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GOndeDsiug,  and  when  thus  operated  will  carry  fnll  rated  load. 
These  tarbiDes  are  designed  to  utilize  tbe  expansioD  of  the  Bteam 
to  a  high  degree  of  vacuum,  and  the  use  of  good  condensing  facili- 
ties is  therefore  desirable. 

Wheu  surface  condensers  arw  used,  the  condensed  water  can 
be  returned  directly  to  the  boilers,  as  it  ie  entirely  free  from  oil. 
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Experience  shows  that  distilled  water  free  from  air  has  no  bad 
effect  on  boilers.  The  possibility  of  so  returniug  water  is  of  the 
greatest  practical  value,  since  deterioration  of  boilers  and  ioef- 
ficiencj.  through  dirt  and  scale,  are  serious  sources  of  expense  in 
many  power  stations.  In  some  types  of  steam  turbines,  oil  is 
introduced  in  connection  wiih  balancing  pistons  or  steam  packing, 
and  therefore  this  great  advantage  cannot  be  realized. 
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Pressure  and  Superheat.  In  these  turbines  eleam  ia  expanded 
to  a  considerable  degree  before  it  reaehes  the  first  btieketa.  High 
temperature  in  the  steam  is  therefore  not  a  sonrce  of  practical  dif- 
ficulty, and  steam  of  very  high  preasure  and  high  degree  of  stiper- 
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heat  can  be  naed.  The  reduction  in  steam  consumption  by  super- 
heat or  incruaaed  pressure  ia  as  great  in  the  CurtiB  turbine  aa  in 
any  form  of  steam  engine. 

Wear  on  Buckets.  The  question  is  sometimes  raised  as  to 
the  rate  of  deterioration  through  erosion  of  the  buckets  in  the 
Curtis  Steam  Turbine,  Kxperiiueots  show  conclusively  that  while 
the  wear  varies  with  different  degrees  of  moisture  in  the  steam  sod 
with  different  degrees  of  steam  pressure,  it  is  in  any  event  negli- 
gible from  the  standpoint  of  maintenance.  All  buckets  in  the 
Curtis  turbine  can  be  renewed  without  difficulty  and  at  email 
expense.  In  the  lower  pressure  stages,  where  the  density  of  the 
steam  is  less,  no  wear  has  been  perceptible. 

Applications.  The  speeds  adopted  for  the  Curtis  turblnessre 
such  as  to  give  the  best  results  in  the  design  of  the  generators; 
consequently  the  General  Electric  generators  designed  for  operation 
with  turbines  have  high  etficiency,  and  are  so  proportioned  that 
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tbay  will  carry  heavy  overloads  witbont  injorioae  heatiog.     These 
tarbiaea  are  bailt  in  sizes  ranging  from  1^  Kw.  to  5,000  Kw. 

Tlie  Curtis  turbine  is  also  snitable  for  driving  centrifugal 


pumps,  blowers,  &ns,  and  other  similar  apparatns.  Turbines  for 
such  applications  are  being  rapidly  developed.  In  order  to  meet 
the  demand  for  small  direct-cnrrent  torbines  to  be  used  for  excit- 
ers, train  lighting,  and  isolated  lighting,  a  complete  line  of  non- 
tondeosing  horizontal  shaft  tarbinee  has  been  developed,  ran^ng 
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in  capacity  from  1^  Kw.  to  300  Kw.  These  macliiDes  are  desired 
to  operate  at  low  shaft  speed  without  the  use  of  gearing  and  show 
relatively  high  steam  economy  when  operating  non -condensing. 
They  are  self-contained  and  are  automatic  in  reflation. 

The  machine  shown  in  the  accompanying  diagram  has  been 
tested  under  a  variety  of  conditions  at  Newport,  and  has  given 


reBults  which  illustrate  very  well  the  advantage  of  this  type- 
Among  other  testa  that  were  made,  the  machine  was  operated  on 
a  rapidly  changing  railway  load;  the  momentary  variations  of  load 
amounting  to  about  120  Kw.  In  one  test  the  average  load  carried 
with  this  fluctuation  was  250  Kw.,  and  the  steam  consumption  was 
24.4  pounds  per  Kw.  hour  output,  with  saturated  steam.    Another 
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test  was  one  with  similar  flactuations  and  with  an  average  of  421 
Kw.  The  steam  consumption  under  this  condition  was  20.7  ponnds 
of  saturated  steam  per  Kw.  hour  output.  The  best  reciprocating 
engine  under  conditions  of  the  first  test  would  probably  consume 
from  28  to  SO  pounds  per  Kw.  hour. 
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Refrigeration  may  be  deiined  as  the  ])roce88  of  cooling.  It  is 
artificially  or  mechanically  jK^rformed  by  transferrin^r  the  heat 
contained  in  one  body  to  another,  thereby  producing  a  condition 
commonly  called  cold,  but  which  is  in  fact  an  absence  of  heat. 
This  transfer  of  heat  is  most  rapidly  and  economically  accomplished 
by  evaj)orati()n,  l)ut  before  considering  the  apparatus  used  a  few 
important  driinitions  should  be  reviewed.   ' 

Unit  of  Refrigeration.  Tlie  unit  or  basis  of  measurement 
of  n»frio;i»rati()n,  is  the  unit  of  heat,  and  in  the  United  States  and 
England  is  the  British  thermal  unit  (B.  T.  U.)  which  is  iMjuiva- 
lc?nt  to  raising  or  lowering  the  temperature  of  one  pound  of  water 
1°  Fahrenheit  when  at  or  near  (JO^  Fahrenheit. 

Specific  Heat.  S|)eciiic  Heat,  or  capacity  for  heat,  is  the 
relative  capacity  of  a  substance  for  heat,  and  is  stated  or  expressed 
relative  to  that  of  water,  since  water  has  the  greatest  heat  capacity 
of  any  known  substance  excej)t  Hydrogen. 

Latent  Heat.  A\  hen  a  body  changes  from  a  solid  to  a  liquid, 
or  a  licjnid  to  a  gaseous  state,  a  certain  amount  of  heat  must  be 
snpplied  to  it  in  order  to  effect  the  change.  This  amount  is  called 
its  latent  heat,  and  is  expressed  in  thermal  units.  Thus  we  have 
in  the  melting  of  one  j>ound  of  ice  a  latent  heat  of  14:2  thermal 
units,  and  wo  understand  by  this  that  in  order  to  melt  a  pound  of 
ice  it  must  absorb  into  itself,  in  making  the  change,  142  B.  T.  U., 
or  the  e(jnivalent  of  one  pound  of  water  changing  142  degrees 
Fahrenheit. 

Units  of  Machines  or  Plants.  The  unit  (or  capacity)  of 
refrigerating  plants  is  ordinarily  stated  in  tons,  that  is,  the  equiva- 
lent of  so  many  tons  of  ice  (of  2000  pounds)  at  32^  F  melted  into 
water  at  32"  F.  The  unit  is  equivalent  to  142x2000=284,000 
British  thermal  units. 

Thermometers.  For  ordinary  use,  a  mercury  tube  having  a 
gradnali'd  surface  or  scale  at  its  buck  with  a  bulb  at  its  lower  end 
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»nd  cuntainLDg  a  quantity  uf  mercury  is  xxaed  to  denotu  the  tem< 
peratureof  its  Burrouodiiigs. 

Two  ditferent  ecales  are  comiiionlj  used  m  the  refrigerating 
industries:  the  Fahrenheit  and  Reauraer.  The  Centigrade  or 
French  standard  is  used  for  chemical  or  technical  purposes.  In 
the  United  States  and  England  the  Fahrenheit  scale  ia  generallv 
accepted  as  standard  except  in  breweries  where  the  German  or 
lieaumer  scale  is  quite  often  found. 

Tbe  Fahrenheit  scale  is  diyided  in  such  manner  that  the 
boiling  ])oint  o£  water  at  at- 

mospheric    pressure    is  21il^  "^'~!> 

and  the  freezing  point  33°. 
It  is  said  that  0^  F  was  tbe 
lowest  temperature  Falircn- 
heit  was  able  to  produce  Uy 
the  melting  (if  icii  Iiy  salt, 

TheReaumerscjilc  iw  grad- 
uated by  making  tin.  boiling 
point  of  water  80'  wbilo  tbo 
freezing  point  isat  0", 

The  Centigrade  hits  iho 
freezing  point  of  water  at  C 

aa    tbe    Kcaiimcr,   while  tbu      . "Z 

l)oiling  point  is  fixed  at  100^ 
Tbis  graduation  is  typical  of 
the  French  systeni  of  incas- 
iircnicnt. 

To  Inmsjiosu  tbo  tfmjH;ratureof 
the  tabic  on  jjJige  TT  will  bo  found  convenient. 

Let  lis  now  tiike  an  illustration  from  a  branch  oE 
with  wbicb  almost  every  one  is  familiar. 

If  we  place  a  glass  of  water  in  contact  with  heat  at  a  temper- 
ature of  212'  F  or  more,  heat  will  jiass  from  the  source  and  be 
absorbi.'d  by  tbe  water  until  its  oven  teni]>erature  reaches  that  of 
212",  after  wbicb  evaporation  of  the  water  commences  and  con- 
tinues until  the  water  basal]  been  transformed  int<)  steam.  During 
this  time  an  amount  of  heat  corresponding  to  tbis  duty  has  been 
transferred  fruni  the  source  of  heat  to  the  water  and  its  vapor 


Kg.  1. 
■ale  to  that  ot  lln^  others 
cering 
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called  steam.  This  process  is  familiar  to  all  engineers,  in  the 
steam  boiler,  and  is  similar  to  that  of  refrigeration  as  ordinarily 
applied,  except  that  the  one  is  going  on  at  or  above  a  temperature 
of  212''  F  (the  boiling  point  of  water)  while  refrigeration  ie  accom- 
jilished  by  the  evaporation  of  a  liquid  having  a  boiling  or  evapor- 
|>orating  point  suthciently  low  to  obtain  the  desired  temperature. 

Agents.  Among  the  must  commonly  used  agents  for  obtain- 
ing artificial  refrigeration  may  be  mentioned  Ammonia,  Carbonic 
Acid,  Suljihiir  Dioxide  and  Compressed  Air,  the  first  named  Ixting 
the  most  generally  used  and  approved,  while  the  others  have 
advantages  for  use  on  ship-board  and  other  places  where  the  fumea 
of  ammonia  would  prove  objectionable.  Ammonia,  however, 
appears  to  present  the  most  favorable  qualities  for  general  use, 
and  will,  therefore,  be  the  principal  agent  considered. 


Fig.  2. 

Ot  the  two  ty|)es  of  ammonia  machines,  the  absorption  and 
the  compression,  the  latter  will  be  the  first  described.  The  primi* 
tive  process  of  refrigeration  is  represented  by  a  glass  or  receptacle 
(Fig.  1)  in  which  a  quantity  of  anhydrous  ammonia  ia  placed,  and 
which,  BO  long  as  its  own  temperature  and  that  of  its  surround- 
ings remain  at  or  above — 28'  F  or  28"  below  zero  (its  boiling 
point)  will  contiuae  to  take  heat  over  to  itself,  and  therefore  con- 
tinue to  evaporate  and  produce  a  cooling  effect  upon  its  surround- 
ings, or  what  is  commonly  koowu  as  refrigeration  in  the  body  or 
substance  with  which  it  is  iu  contact. 

In  Fig.  2  we  have  such  a  receptacle  to  which  ie  attached  a 
drum  or  fiask  filled  with  the  refrigerating  agent;  if  it  were  possi- 
ble to  procure  a  cheap  volatile  liquid,  having  a  sufficieDtly  low 
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hoiliii^  or  evaporating  point,  the  complex  systems  of  refrigeration 
N\  oiild  be  reduced  to  the  above  parts,  or  equivalent  simple  system. 
The  system  would  consist  of  an  evaporator,  and  a  receptacle  for 
tlie  refrigerant,  with  a  connecting  pipe  between,  provided  with  an 
expansion  valve  to  regulate  the  flow  of  the  liquid  to  the  evaporator. 
The  cost  of  ammonia  or  the  refrigerating  agent  renders  this  waste 
iinpracticable,  at  least  at  the  present  time;  and  to  make  refriger- 
ation a  commercial  success  it  becomes  necessary  to  recover  and 
put  in  condition  to  be  used  again  the  gases  arising  from  the  evap- 
uratincT  ammonia.  We  have  seen  how  the  ammonia  absorbed  a 
certain  amount  of  heat  from  its  surroundings  during  evaporation; 
it  is  evident  tliat  this  heat  must  be  taken  from  it  before  it  can  be 
again  effective  as  a  refrigerant,  and  for  this  purpose  the  com- 
pressor,  condenser  and  other  adjuncts  to  the  plant  are  required, 

Tlie  gas  pump  or  compressor  is  the  means  employed  to 
recover  and  compress  the  gas  from  the  evaporator.  In  order, 
therefore,  to  continue  the  process  of  refrigeration  in  a  commercial 
manner,  it  becomes  necessary  to  connect  to  the  evaporator  and 
ammonia  tank  shown  in  Fig.  2,  a  gas  pump  with  its  engine  or 
other  form  of  power.  This  is  illustrated  by  Fig.  3.  The  top  of 
the  evaporator  is  closed  and  provided  with  a  connecting  pipe  to 
the  compressor;  upon  the  downward  stroke  of  the  compressor 
piston  the  gas  from  the  evaporator  follows  and  fills  the  cylinder 
above  the  piston,  and  upon  reaching  the  bottom  of  its  stroke  this 
valve  is  closed  by  a  spring,  preventing  the  return  of  the  gas  to  the 
evaporator.  The  return  or  upward  stroke  of  the  piston  discharges 
the  gas  through  the  outlet  valve  and  pipe. 

Having  described  the  evaporation  of  the  ammonia  and  re- 
covery of  its  gases  by  the  compressor,  we  now  supply  the  apparatus 
necessary  to  extract  the  heat  with  which  it  is  laden,  and  thereby 
cause  it  to  resume  its  initial  state  ready  to  again  enter  the  evapo- 
rator and  continue  the  cycle.  The  apparatus  referred  to  is  called 
the  Ammonia  Condenser.  Fig.  4  illustrates  its  construction  and 
connection  with  the  balance  of  the  apparatus. 

The  discharge  of  the  ammonia  gas  from  the  compressor  is 
continued  through  the  pipe  E,  the  oil  separator  F,  and  into  the 
condenser  C,  which  is  composed  of  a  series  of  pipes  over  which 
water  flows  to  take  up  the  heat  given  out  by  the  compressing  of 
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the  gas,  and  which  combined  effect  caaees  the  gas  to  liquify  and 
flow  from  the  bottom  pipe  of  the  condeneer  through  the  pipe  H  to 
the  receiver  or  storage  tank  I.  Thia  completes  the  cycle  and  per- 
forma  the  practical  procese  of  refrigeration. 

The  principle  or  method  of  refrigeration  has  now  been  de- 


scribed without  going  into  details  of  constructioTi.  Tlie  next  step 
is  the  construction,  proportion  and  combination  of  the  sever^ 
parts  making  up  the  refrigerating  plant,  aud  as  the  evaporator  is 
the  foundation  or  basis  of  the  system,  let  us  first  consider  this 
part  of  the  plant. 

EVAPORATORS. 
Kvaporatora  may  be  divided  into  two  classes:     The  first  is 
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operated  in  coanection  with  the  brine  systein.  In  this  evaporator 
salt  brine  (or  other  solution)  is  reduced  in  teraperatnre  by  the 
Bvaporation  of  the  ammonia  or  other  refrigerant  aiid  lh«  cooled 
brine  circulated  through  the  room  or  other  points  to  lie  refriger- 
ated. In  the  second,  the  direct- expansion  system,  the  ammonia 
or  refrigerant  ia  taken  directly  to  the  point  to  be  cooled,  and  there 
evaporated  in  pipes  or  other  receptacles,  in  direct  contact  with  the 
object  to  be  cooled.  "Which  of  the  two  sjstemB  is  better,  ia  a  much 
disputed  and  debated  point;  we  can  state,  in  a  general  way,  that 


Pie- 5. 
both  have  their  advantages,  and  each  is  adapted  to  certain  classes  of 
duty. 

The  cooling  of  brine  in  a  tank  by  a  series  of  evaporating 
coils,  (one  of  the  earliest  nethoda)  is  common  to-day.  A  descrip- 
tion of  the  many  methods  of  construction  and  equipment  wonid 
i^nire  much  space.  Let  us,  therefore,  discuss  the  two  most 
general  types  only,  viz:  the  rectangular  with  flat  coils,  and  the 
circular  with  spiral  coils. 

Fig.  5  shows  a  sectional  view  of  a  brine  tank.  Flat  or  zig- 
zag evaporating  coils  are  connected  to  manifolds  or  headers;  the 
pipe  connections  loading  to  and  from  these  mauifolda  for  the 
proper  supplying  of  the  liquid  ammonia  and  the  taking  tway  or 
return  of  the  gas  to  the  compressor  are  also  shown.     Fw  coils  of 
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this  type,  1-inch  or  l|-inch  pipe  is  preferable,  owing  to  the 
impossibility  of  bending  larger  sizes  to  a  small  enough  radius  to 
get  the  required  amount  into  a  tank  of  reasonable  dimensions.  It 
is  possible  to  make  coils  of  this  construction  of  any  desired  length 
or  number  of  pipes  to  the  coil,  "pipes  high,"  the  bends  being 
from  3|  inches  to  4  inches  centers  for  1-inch  pipe,  and  4  inches 
to  5  inches  for  l|-inch  pipe.  It  is  preferable  to  make  the  coils  of 
moderate  length,  (not  less  than  150  feet  in  each)  and  there  is  no 
disadvantage  (other  than  in  handling)  in  making  them  to  contain 
up  to  500  or  600  feet  each.  It  will  be  observed  that  there  is  a 
slight  downward  pitch  to  the  pipes  with  a  purge  valve  at  the  low- 
est point  of  the  bottom  manifold,  which  is,  undoubtedly,  valuable 
and  an  almost  necessary  provision.  This  valve  is  for  removing 
foreign  matter,  which  may  enter  the  pipes  at  any  time,  and  by 
opening  the  valve  and  drawing  a  portion  of  their  contents,  the 
condition  of  cleanliness  can  be  determined  without  the  necessity 
of  shutting  down  and  removing  the  brine  and  ammonia  for 
inspection.  The  coils  are  usually  strapped  or  bound  with  flat  bar 
iron  about  ^  inch  X  2  inches  (or  a  little  heavier  for  the  longer 
coils)  and  bolted  together  with  ^-inch  square-head  machine  bolts. 
The  coils  are  painted  with  some  good  water-proof  or  iron  paint. 

The  brine  tank  is  usually  constructed  of  iron  or  steel  plates, 
varying  from  -^  inch  to  §  inch  in  thickness;  the  average  being  J 
inch  for  tanks  of  ordinary  size.  The  workmanship  and  material 
for  a  tank  for  this  purpose  should  be  of  the  very  best;  without 
these  the  result  is  almost  certain  to  be  disastrous  to  the  owner  or 
builder.  The  general  opinion  with  iron  workers  (before  they  have 
had  experience)  is  that  it  is  a  simple  matter  to  make  a  tank  which 
will  hold  water  or  brine,  and  that  any  kind  of  seam  or  workman- 
ship  will  be  good  enough  for  the  purpose.  On  the  contrary  the 
greatest  care  and  attention  to  detail  is  necessary.  It  is  customary, 
and  good  practice,  to  form  the  two  side  edges  at  the  bottom  by 
bending  the  sheets,  thereby  avoiding  seams  on  two  sides,  while 
for  the  ends  an  angle  iron  may  be  bent  to  conform  to  this  shape 
and  the  two  sheets  then  riveted  to  the  flanges  of  the  angle  iron. 
The  edges  of  the  sheets  should  be  sheared  or  planed  bevel,  and 
after  riveting,  calked  inside  and  out  with  a  round-nosed  calking 
tool.    The  rivets  should  be  of  full  size,  as  specified  for  boiler  coo- 
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stractioD  and  of  length  sufficient  to  form  a  full  conical  head  of 
height  equal  to  the  diameter  of  the  rivet  and  brought  well  down 
onto  the  sheet  at  its  edges.  An  angle  iron  of  about  3  inches 
should  be  placed  around  the  top  edge,  and  riveted  to  the  side  at 
about  12-inch  centers. 

One  or  more  braces  (depending  on  the  depth)  should  extend 
around  the  tank  between  the  top  and  bottom,  to  prevent  bulging; 
without  these  it  would  be  impossible  to  make  the  tank  remain 
tight,  as  a  constant  strain  is  on  all  its  seams.  A  very  good  brace 
for  the  purpose  is  a  deck  beam.  Flat  bar  iron  placed  edge-wise 
against  the  tank  with  an  angle  iron  on  each  side  and  all  riveted 
through  and  to  the  side  of  the  tank  with  splice  plates  at  the 
corners  or  one  of  each  pair  long  enough  to  lap  over  the  other 
makes  a  good  brace;  heavy  T-iron  is  also  used  to  some  extent.  It 
is  usual  to  rivet  up  the  bottom  of  the  tank  and  a  short  distance  up 
the  sides,  then  test  by  filling  with  water;  if  tight  lower  to  its 
foundation  and  complete  the  riveting  and  calking.  It  may  then 
be  filled  with  water  and  tested  until  proven  absolutely  tight,  when 
it  may  be  painted  with  some  good  iron  paint;  it  is  now  ready  for 
its  equipment  of  coils  and  insulation. 

A  washout  opening  with  stop  valve  should  be  placed  in  the 
bottom  at  one  corner;  for  this  purpose  it  is  well  to  have  a  wrought 
iron  flange,  tapped  for  the  size  of  pipe  required  and  riveted  to  the 
outside  of  the  bottom.  If  the  brine  pump  can  be  located  at  this 
time,  it  is  well  to  have  a  similar  flange  for  the  suction  pipe  riveted 
to  the  side  or  bottom  of  the  tank,  as  a  bolted  flange  with  a  gasket 
is  never  as  durable  as  a  flange  put  on  in  this  manner. 

Assuming  that  the  tank  is  now  absolutely  tight  and  painted, 
the  insulation  may  be  put  around  it,  the  insulated  base  or  founda- 
tion having  been  put  in  previous  to  the  arrival  of  the  tank.  The 
insulation  should  be  constructed  of  joists  2  inches  or  3  inches  X 
12  inches  on  edge  and  filled  in  with  any  good  insulating  material 
and  floored  over  with  two  thicknesses  tongued  and  grooved  floor- 
ing with  paper  between.  In  putting  the  insulation  on  the  sides 
and  ends  of  the  tank,  place  joists  8  inches  X  4  inches  resting  on 
the  projecting  edges  of  the  foundation  about  2  feet  apart.  The 
upper  ends  should  be  secured  to  the  angle  iron  at  the  top  of  the 
tank,  its  upper  flange  having  been  pundied  with  |-inch  holen  18 
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inches  to  24  inches  centers  and  to  which  it  is  well  to  bolt  a  plank, 
having  its  edge  project  the  required  distance  to  receive  the 
uprights.  Between  the  braces  around  the  tank  blockings  should 
be  fitted  to  secure  the  frame  work  at  the  middle,  as  the  height  of 
some  tanks  is  too  great  to  depend  on  the  support  at  top  and  bot- 
tom alone. 

After  the  frame  work  has  been  properly  formed  and  secured 
to  the  base  and  tank,  take  1-inch  flooring,  rough,  or  planed  on  one 
side,  and  board  up  on  the  outside  of  the  uprights,  filling  in  as  the 
work  progresses  with  the  insulating  material  which  may  be  any 
one  of  the  usual  materials,  granulated  cork  being  about  the  best, 
all  things  considered,  although  charcoal,  dry  shavings,  saw-dust, 
or  other  non-conductors  may  be  used  with  good  results.  When 
the  first  course  of  boards  is  in  place  it  is  well  to  tack  one  or  two 
thicknesses  of  good  insulating  paper  against  the  outer  surface, 
care  being  taken  that  the  joints  lap  well  and  that  bottoms  and 
corners  are  filled  and  turned  under  at  the  junction  with  the 
bottom  insulation.  It  is  then  in  shape  for  the  final  or  outer 
course  which  is  very  often  made  of  some  of  the  hard  woods  in 
2i-inch  or  3-ineh  widths,  tongued,  grooved  and  beaded  and 
finished  off  with  a  base  board  at  the  bottom  and  moulding  at  the 
top,  and  given  a  hard  wood  finish  in  oil  or  varnish.  If  the  tank 
is  located  in  a  part  of  the  building  in  which  appearance  is  of  no 
importance,  the  outer  course  may  be  a  repetition  of  the  first, 
except  that  the  boards  are  put  on  vertically  instead  of  horizontally. 

It  is  well  to  make  the  top  of  the  tank  in  removable  sections 
to  facilitate  examination  or  cleaning;  for  this  purpose  make  a 
number  of  sections  about  2^  to  3  feet  wide  of  the  length  or  width 
of  the  tank,  using  joists  about  2  inches  X  6  inches  placed  on 
edge,  floored  over  top  and  bottom  and  filled  in  with  the  selected 
insulating  material.  It  is  also  well  to  have  a  small  lid  at  one  end 
of  each  (preferably  over  the  headers  or  manifolds)  which  will 
allow  of  internal  examination  of  the  tank  to  ascertain  the  height 
or  strength  of  brine  without  removing  the  larger  sections.  The 
tank  is  now  fully  equipped  and  ready  for  testing  and  filling  with 
brine. 

For  a  circular  tank  the  general  instructions  regarding  con. 
struction  and  insulation  may  apply  as  with  the  rectangular  tank 
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juat  (leBcribed;  therefore  only  its  spetial  features  will  be  consid- 
ered. If  tbe  tank  is  small  and  there  is  sufficient  head  room  above 
it  for  haudling  the  coils  there  cannot  be  seriouB  objection  to  this 
ty|ie  as  its  cost  is  lower  thnn  that  of  the  rectangular  tank.  This 
Ih  often  an  important  item  in  a  small  installation,  but  when  the 
tank  is  of  considerable  size  and  the  coib  large  it  is  not  as  readily 


handled  and  taken  care  of  as  tho  other  tyjr.  Tlie  iisnal  construe- 
tion  of  a  nest  of  coila  for  a  round  tank  is  to  bend  the  inside  coil 
to  as  small  a  circle  as  possible,  which,  if  it  l>e  of  l-Inch  or  1^-inch 
]ii[ie  may  be  G  to  S  inches.  Increase  each  snccessive  coil  enough 
to  pass  over  the  next  smaller  until  the  reqnired  amount  of  pipe  is 
obtained.  The  ends  may  then  be  bent  up  or  out  and  joined  to 
headers  at  top  and  bottom  and  the  lank  insulated  in  the  manner 
previously  described;  it  is  then  ready  to  test  and  charge  with 
ammonia  and  brine.     Fig,  (!  represents  an  evaporator  of  this  type. 
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Otht^r  constructions  of  tanks  and  coils  are  too  oumeroaa  to  de- 
scribe  in  detail,  and  with  one  exception  may  be  properly  classed 
in  one  of  the  preceding  tyjiea.  Tbe  one  exception  referred  to  is 
illustrated  in  Fig.  7.  It  is  qnite  common  and  is  adopted  for 
large  pipe  and  is  often  called  oval,  altbough  not  of  that  shape, 
but  rather  a  combination  of  tbe  flat  and  circular  fonn.  It  has 
some  good  features;  it  allows  the  maximum  amount  of  pipe  in 
the  smallet^t  8j)ace  and  a  large  amount  of  pipe  iu  a  single  coil. 
The  Brine  Cooler  at  present  is  a  popular  and  efficient  method 


of  cooling  brine  for  general  purposes.  Owing  to  niechanical 
defects  and  the  impossibility  of  obtaining  a  brine  solution  which 
would  not  freeiw),  it  was  abandone<l  only  to  be  taken  up  again,  and 
with  the  aid  of  modern  ideas  and  better  material  it  has  become 
highly  Bneceaaful.  Unlike  the  brine  tank  and  coil  method  of  refrig- 
eratiun,  iu  which  the  ammonia  is  evaporated  within  the  coils  while 
the  brine  surrounds  theiu,  the  brine  passes  through  a  series  of 
coils  and  the  ammonia  evaporates  within  a  wrought  or  east  suell 
surrounding  the  coilw.     Thus  the  action  is  reversed. 

Fig.  8  ia  what  is  known  as  the  enclosed -shell  type  of  brine 
cooler,  A  representing  a  cast  or  wronght-iron  shell,  flanged  at  each 
end,  to  which  heads  are  bolted;  a  tongue  and  grooved  joint  be. 
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tween,  makes  the  cloeed  cylinder  gas  tight.     B  la  ji  sbries  of  welded 

L'AtraBtruugpipe  coils,  one  with- 

iu  tLt)  otlier,  Laving  tbeir  eada 

jiroject  through  thu  beads  aud 

joined   to  Leaders  at  each  end 

with  projK-T  unionH;astop valve 

ig  supplied  to  each  coil.     Lock 

niita  or  glands  are  placed  aronnd 

each  euilat  its  opening  through 

the  heads  and  ono  or  more  glass 

gauges   with  the   usual  gauge 

fittings  are  tapped  into  tLe  aide 

of   tLo   ehell    to    indicate    the 

amuiint  uf   ammonia.     Liquid 

ammonia  is  fed  into  tLu  shell 

by   an   ordinary   e\pansiou  or 

feed  valve  uear  tiie  lower  end 

of  tha  shell  at  C  and  the  gas 

taken  off  through  the  opeuing 

and  pi|)e  D  to  the  compressor. 

A  purge  valve  E  fur  drawing    I 

off  impurities  is  placed  at  the 

hiwest  point  in  the  bottom  head 

and  a  second  one  F  for  gas  or 

air  in  the  top  Lead. 

In  oi>eration,  the  discharge 
pipe  from  the  brine  pump  ia  con-  | 
neetedtothe  top  header  or  man- 
ifold, and  the  bottom  header  is 
connected  to  the  main  leading 
to  the  refrigeration  to  be  per- 
formed; the  return  fmni  the 
cooliug  system  is  generally 
brought  toa  medium -sized  brine 
tank  without  coils  to  which  the 
suction  of  the  pump  is  con- 
nected, thereby  completing  the 
brine  circuit.  Tlie  heat  of  the  brine  passing  through  the  coils  in 
the  cooler  ia  taken  up  by  the  ammonia  during  evaporation;  the 
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gas  is  taken  away  from  the  top  of  the  shell  to  the  compressor,  and 
discharged  to  the  condenser  and  into  the  receiver  to  be  re-»used,  as 
with  the  system  illustrated  by  Fig.  4. 

The  advantages  of  the  brine  cooler  over  the  brine  tank  are 
due  to  two  features  of  construction.  The  brine  in  passing  through 
the  coils  is  divided  into  a  number  of  small  streams,  and  while 
flowing  rapidly  through  a  coil  of  considerable  length  is  churned 
to  such  an  extent  that  it  is  all  brought  in  contact  with  the  coil,  of 
which  the  outer  surface  is  exposed  to  the  temperature  of  the  evap- 
orating or  boiling  ammonia,  and  thereby  gives  up  its  heat  much 
more  rapidly  to  the  ammonia  than  in  the  brine  tank.  In  the 
brine  tank  there  is  a  large  body  of  brine  with  scarcely  any  move- 
ment; the  brine  immediately  in  contact  with  the  pi[)e  may  be  quite 
cold,  but  becomes  warmer  as  the  distance  from  the  pipe  increases. 

The  second  advantage  is  that  during  the  evaporation  of  the 
ammonia  a  violent  ebullition  is  taking  place,  and  if  this  is  confined 
within  the  pipe  coil  a  certain  amount  of  the  liquid  is  carried  for- 
ward  by  the  escaping  gas,  and  the  evaporation  within  the  coil  is 
limited.  This  limit  is  reached  when  the  vapor  enters  the  com- 
pressor  in  such  quantities  as  lO  cause  too  great  an  expansion  in 
the  compressor,  or  when  it  becomes  difficult  to  keep  tlie  stuffing- 
box  tight,  while  in  the  brine  cooler  properly  constructed,  the  larger 
diameter  of  shell  allows  evaporation  to  take  place  j)lace  up  to 
practically  the  theoretical  boiling  point  of  the  ammonia,  without 
the  liquid  being  carried  forward  through  the  gas  pipe  to  the  com- 
pressor. This  permits  a  much  higher  evaporating  pressure  or 
'*back  pressure"  as  it  is  commonly  called,  than  with  the  brine  tank 
and  coils.  Also  the  concentrated  or  compact  shape  and  construe- 
tion  of  the  cooler  allows  greater  economy  than  the  large  radiating 
surface  of  the  brine  tank.  The  sides  and  end  of  the  coi)ler  are  in- 
sulated by  some  one  of  the  usual  methods  and  very  often  lagge<l 
with  finished  hardwood  strips,  tongue,  grooved  and  beaded  and 
bound  with  finished  brass  or  nickel  plated  bands. 

Salt  brine  is  commonly  used  in  the  brine  tank  and  coil  form 
of  refrigerator,  but  it  is  unsafe  to  use  it  with  the  brine  cooler 
because  when  passing  through  the  coil  it  may  freeze  and  burst  the 
coil.    A  solution  of  chloride  of  calcium  is  commonly  used,  its 
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freezing  point  being  54°  below  zero  Fahr.  while  salt  brine  is  prac- 
tically 0°  Fahr. 

The  second  form  of  brine  cooler  is  what  is  known  as  the 
double-pipe  type,  the  construction  of  which  is  illustrated  in  Fig.  9, 
In  this  type  one  pipe  is  within  another,  the  brine  being  discharged 
from  the  pump  into  one  or  more  pipes  at  A  and  issuing  at  B. 
This  connection  leads  from  the  main  to  the  point  to  be  refrigerated 
and  the  ammonia  is  expanded  or  fed  into  the  annular  space  between 
the  two  pipes,  and  takes  up  the  heat  of  the  brine  in  evaporating 
and  issuing  as  gas  from  the  opening  D  at  the  top  of  the  cooler. 
From  thence  the  ammonia  passes  to  the  compressor  and  through 
the  cycle  of  compression,  condensation  and  return  to  the  liquid 
ammonia  receiver  as  before.  The  ammonia  evaporating  between 
the  two  pipes  will  naturally  absorb  as  much  heat  from  the  outside 
surface  as  from  the  inner  or  brine  if  allowed  to  do  so,  and  it  there- 
fore becomes  necessary  to  insulate  the  outside  of  this  from  exterior 
influences.  As  it  is  practically  impossible  to  cover  the  bends  and 
irregular  surfaces  it  becomes  necessary  to  build  an  insulated  room 
in  which  the  cooler  is  erected.  This  is  commonly  done,  but  some 
authorities  do  not  consider  it  the  most  practical  form.  The 
cooler  is  equipped  with  the  necessary  stands,  manifolds  and  stop 
valves  to  properly  control  the  action  of  any  one  section  when 
more  than  one  is  used. 

As  with  the  enclosed  brine  cooler,  previously  described,  chlo- 
ride of  calcium  brine  should  be  used,  as  there  exists  the  same  lia- 
bility to  freeze,  and  it  is  unsafe  to  operate  either  type  with  the 
ordinary  salt  solution.  These  two  types  of  brine  coolers  and  brine 
tanks  and  coils  are  the  usual  means  of  cooling  or  refrigerating 
brine. 

COMPRESSORS. 

The  next  step  in  the  process  is  the  recovering  of  the  evaporate _ 
ammonia  and  its  return  in  liquid  form.  Compressors  may  be 
divided  into  two  principal  classes,  single  acting  and  double  acting; 
and  each    class  subdivided  into  vertical    and   horizontal.      They 

ft- 

are  of  the  vertical  type  if  single  acting,  and  of  both  vertical  and 
horizontal  if  double  acting,  although  the  majority  of  the  double 
acting  are  of  the  horizontal  type.  Machines  may  also  be  classed 
according  to  the  form  of  driving.     The  engines  used  may  be  hori- 
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zontal  or  vertical,  and  within  this  classification  comes  almost  any 
machine  of  modern  build. 

Fig.  10  illustrates  the  vertical  single-acting  type  of  com- 
pressor,  two  in  number,  in  combination  with  and  driven  by  a 
horizontal  Corliss  engine.  It  embodies  the  necessary  and  usual 
requisites  of  an  efficient  gas  pump  or  compressor. 

As  already  stated,  the  function  of  the  compressor  is  to 
recover  the  gas  from  the  evaporator  and  compress  it  into  the  con- 
denser  at  a  pressure  which  will  cause  it  to  liquify  under  the 
action  of  the  cooling  water.  It  is  evident  that  the  gas  must 
follow  the  piston  in  its  downward  stroke  and  fill  the  compressor, 
and  upon  its  reaching  the  end  of  its  stroke  and  the  pressure  being 
balanced,  the  strength  of  the  spring  in  the  suction  valve  causes  it 
to  close  and  the  piston  begins  its  return  stroke.  The  compression 
of  the  gas  within  the  compressor  takes  place  until  its  pressure 
equals  or  slightly  exceeds  that  above  the  discharge  valve;  it  then 
opens  and  the  compressed  gas  flows  into  the  discharge  pipe 
and  thence  to  the  condenser.  Two  compressors  of  the  single- 
acting  type  are  almost  always  used  in  a  machine  of  this  type,  and 
the  cranks  set  opposite,  or  at  'KP  to  one  another,  so  that  one  com- 
pressor is  filling  and  one  compressing  and  discharging  at  each  half 
revolution  of  the  crank  shaft,  and  the  load  is  accordingly  divided 
into  two  units,  either  one  of  which  may  be  operated  independently 
if  necessary. 

As  the  evaporator  is  the  heart  of  the  refrigerating  system,  so 
the  piston  and  valves  are  the  heart  of  the  compressor,  and  the 
principal,  almost  the  only,  cause  of  difficulty  in  the  action  of  the 
compressor  will  be  found  to  be  in  one  of  the  two. 

In  the  compressor  in  which  the  valves  operate  in  a  cage, 
there  must  of  necessity  be  a  gas-tight  joint  between  the  bottom  of 
this  cage  and  the  compressor  head  or  piston  in  which  it  is  located; 
this  joint  is  made  in  a  variety  of  ways,  any  one  of  which  will 
prove  effective.  A  sfjuare  shoulder  is  cut  into  the  head  with  a 
corresponding  shoulder  on  the  cage  to  match,  and  a  lead  gasket 
about  ^\j  to  J  inch  in  thickness  placed  between  the  two.  This 
makes  a  durable  joint,  except  in  cases  where  the  joint  between 
the  two  is  of  such  an  amount  that  the  lead  is  constantly  pressed 
through  (a  disadvantage  of  lead  as  a  gasket  material).     Without 
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one's  being  aware  of  the  fact,  the  gasket  is  gone  and  a  leakage 
exists.  Another  objection  to  a  lead  gasket  is  that  it  compresses 
and  I  nits  into  the  interstices  between  the  cage  and  the  head. 
This  often  makes  it  impossible  to  remove  the  valve  or  cage  from 
the  head  without  the  aid  of  some  kind  of  a  chain  block  or  tackle. 
Another  form  of  gasket  for  this  purpose,  but  not  popular  from  a 
lack  of  confidence  in  its  permanency,  is  common  lamp  or  candle 
wicking  saturated  with  oil  and  wound  tightly  and  smoothly  in 
the  corner  against  the  shoulder  on  the  cage.  It  is  put  in  place 
and  fully  compressed  by  pulling  down  on  the  valve  cap  until  the 
cage  is  at  the  desired  height.  It  is  good  practice  to  wind  enough 
on  until,  when  the  cage  is  pressed  down  by  hand,  it  stands  about 
y*^  inch  above  the  surface  of  the  head  at  the  top;  this  amount  of 
compression  would  make  it  about  even  when  pulled  down.  As 
already  stated,  this  kind  of  packing  is  not  very  popular  on  ac- 
count of  lack  of  durability,  but  it  gives  very  satisfactory  results 
when  j)roperly  applied,  and  the  valve  and  cage  may  be  easily 
reniovtHl.  Kecently  the  gasket  has  been  omitted  and  a  ground 
joint  made  between  the  cage  and  the  head.  Although  its  efficiency 
has  not  yet  been  proven,  from  present  indications  it  should  be  both 
satisfactory  and  permanent. 

Assuming  that  we  have  made  the  joint  between  the  cage  and 
thtf  compressor  head  gas-tight,  we  must  also  be  certain  that  the 
compressor  valve  forms  a  perfect  joint  in  closing  against  the  cage. 
In  a  vertical  compressor,  in  which  the  action  of  the  valves  is  also 
vertical  within  their  cages,  the  conditions  naturally  favor  this  to 
the  greatest  possible  extent,  as  in  closing  they  drop  to  their  seats 
and  it  is  only  necessary  to  provide  for  the  slight  wear  taking  place 
in  the  stems  and  on  the  seats  due  to  the  rapid  opening  and  closing 
of  the  valves.  The  valve  stem  must  necessarily  fit  the  guides  in 
the  cage  as  closely  as  possible  and  still  allow  free  movement,  and 
the  seat  between  the  valve  disc  and  cage  (preferably  made  at  an 
angle  of  45^)  must  first  be  machined  to  the  proper  angle  and  then 
ground  in  the  usual  manner.  Having  made  it  impossible  for  the 
gas  to  pass  the  valves  and  cages,  means  must  be  provided  for 
closing  the  valves  at  the  proper  time  to  prevent  loss,  as  a  valve 
which  is  slow  in  reaching  its  seat  presents  a  double  evil — loss  of 
efficiency  and  improper  or  irregular  action  on  the  balance  of  the 
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machine.  The  spring  is  the  usual  means  of  operating  the  com- 
pressor  valve,  and,  on  the  suction  or  inlet,  is  commonly  placed 
between  the  top  of  the  cage  and  underneath  a  washer  placed  at 
the  end  of  the  stem  and  held  in  place  with  one  or  two  ^luts;  it  is 
frequently  reinforced  with  a  buffer  spring,  or  one  of  greater 
strength,  enough  shorter  than  the  length  of  the  stems  to  allow  its 
opening  the  proper  distance,  and  then  stopping  the  travel  of  the 
valve  gently. 

Valves.  Fig.  11  illustrates  a  type  of  inlet  valve  which  has 
stood  the  test  for  years  and  embodies  many  good  qualities.  The 
different  points  referred  to  are  indicated  by  the  following  letters: 
A,  the  joint  between  the  cage  and  head;  B,  the  contact  between 
the  valve  disc  and  the  cage;  C,  the  spring  for  actuating  the  valve, 
and  D,  the  buffer  or  stop  spring  to  stop  the  travel  of  the  valve  at 
the  proper  point  of  opening,  In  the  use  of  this  valve  the  require- 
ments  are  that  it  shall  admit  the  gas  to  the  compressor  during  the 
downward  stroke  of  the  piston,  and  close  while  the  piston  is  at  the 
bottom  of  stroke  and  the  crank  pin  is  passing  the  bottom  center. 
It  will,  therefore,  be  readily  understood  that  if  the  spring  is 
stronger  than  necessary,  it  will  require  a  certain  amount  of  the 
pressure  of  the  gas  to  overcome  the  strength  of  the  8j)ring,  and 
prevent  the  filling  of  the  compressor  to  its  fullest  limit.  In  the 
closing  of  the  valve  it  would  be  driven  with  considerable  force 
against  its  seat,  making  a  noise  in  so  doing  and  causing  excessive 
wear.  Considerable  skill  and  experience  are  required  to  obtain 
perfect  results,  but  with  good  judgment  and  a  few  trials  most  of 
the  imperfections  can  be  overcome.  Generally  the  closing  spring 
should  not  be  stronger  than  is  necessary  to  close  the  valve  when 
held  vertically  in  the  position  in  which  it  naturally  rests.  By 
taking  the  valve  and  cages  in  the  hands  and  pressing  down  on  the 
top  of  the  stem  with  one  of  the  fingers,  it  will  be  readily  ascer- 
tained when  the  springs  are  of  proper  strength  to  close  the  valve. 
When  put  on  the  compressor,  so  far  as  the  operation  of  the  inlet 
valves  is  concerned,  the  machine  will  be  practically  noiseless  and 
effective  in  the  admission  and  retention  of  the  gas  from  that  side. 

The  discharge  valve  operates  in  the  reverse  direction  to  that 
of  the  suction  valve.  We  know  that  the  suction  valve  closes 
while  the  compressor  piston  is  at  its  lowest  position  in  the  com- 
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pressor  iiiid  whild  the  crank  is  paesing  ita  bottom  canter.  The 
piston  now  moves  upward  compreasiiig  the  gas  until  it  reaches  the 
pressure  in  thu  ainmooia  condenser,  and  as  it  passes  this  point  far 
enough  to  overcoine  the  tension  of  the  spring  on  tlie  discharge 
valve,  it  causes  it  to  lift  and  tho  contents  of  the  cylinder  in  its 
compressed  state  are  discharged  through  the  discharge  pipe  into  the 
condenser.      This  continues  until   the  piston  reaches  its  highest 
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point  and  tho  crank  i-  passing  its  tup  center,  at  whicli  point  the 
valve  closes  and  tlie  suction  vahe  again  opens  to  admit  an 
iidditional  amount  of  tht.  gus  This  process  is  continued  during 
lliu  operation  of  the  a[)paratns. 

It  U'ill  be  niitict>d  that  the  suction  valve  opens  and  closes 
while  the  piston  is  practically  without  motion,  but  the  discharge 
valve  opens  while  the  piston  ia  nearly  at  its  maximum,  and 
closes  while  the  piston  is  at  the  minimum  speed.  From  this 
it  will  be  apparent  that  the  thnist  or  effort  on  the  discbarge  valve 
!a  much  greater  than  on  the  inlt^t,  that  is,  in  an  upward  or  out- 
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ward  direction;  hence  the  device  for  arresting  the  upward  motion 
of  the  valve  must  be  more  effective  than  the  other.  Also  the 
valve  must  close  in  a  shorter  space  of  time  because  the  great 
pressure  above  the  valve  would  cause  it  to  fall  with  considerable 
force  were  it  not  to  reach  its  seat  while  the  piston  was  still  at  the 
top  of  its  travel,  and  the  pressure  above  and  below  equal.  Should 
the  piston  begin  its  return  or  downward  stroke  before  the  valve 
closes  it  would  have  the  condensing  pressure  above,  and  the  inlet 
j)re88ure  below,  a  difference  of  from  150  to  175  pounds.  This 
pressure  would  cause  it  to  seat  with  an  excessive  blow  which 
would  soon  cause  its  destruction,  and  also  cause  the  escape  of  a 
portion  of  the  compressed  gas  into  the  compressor  resulting  in 
great  loss  in  eflSciency  of  the  machine. 

To  stop  the  valve  in  its  opening  and  prevent  shock,  it  is  nec- 
essary to  provide  a  buffer  or  cushion  in  addition  to  the  spring 
used  to  close  it.  The  cushion,  as  usually  constructed,  is  a  piston 
fitting  closely  in  a  cylinder  and  provided  with  openings  for  the 
escape  of  the  gas  in  front  of  the  piston  until  it  reaches  a  certain 
height,  which  should  conform  to  the  lift  of  the  valve;  at  this  point 
the  piston  is  prevented  from  traveling  farther  by  the  compression 
of  the  gas  and  the  valve  is  brought  to  a  stop  without  noise  or  jar. 

Tlie  strength  of  spring  for  closing  the  discharge  valve  must 
be  nicely  gauged;  if  too  light  the  valve  will  not  be  brought  to  its 
seat  until  the  piston  has  started  on  the  return  stroke,  causing  a 
return  to  the  compressor  of  a  portion  of  the  conij)ressed  gas,  and 
tlie  striking  on  the  seat  with  considerable  force  due  to  the  pres- 
sure of  the  gas  above  the  valve  and  the  removal  of  the  pressure 
below;  while  if  the  spring  is  too  strong  the  valve  is  returned  with 
such  force  as  to  cause  a  harsh  sound  and  rapid  wearing.  This 
necessitates  more  frequent  renewals  than  if  moved  with  a  spring 
of  the  proper  tension. 

Inasmuch  as  the  weight  of  the  moving  part  of  the  valve  is  a 
factor  in  determining  the  required  strength,  and  the  diameter, 
pitch,  temper,  gauge  of  spring  and  material,  determine  the  strength, 
it  becomes  practically  impossible  to  lay  down  a  rule  for  the  selec- 
tion of  the  proper  spring  for  each  condition.  Experience  shows 
that  one  can  better  determine  what  spring  to  use  by  the  sense  of 
feelincr  than  by  anv  rule  or  standard. 
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Piston.  Having  provided  the  inlet  and  outlet  valves  witL 
proper  opening  and  closing  devices  and  made  them  capable  of  retain- 
ing the  gas  passing  them,  a  piston  for  compressing  the  gas  and 
discharging  it  from  the  compressor  must  be  provided.  For  the 
vertical  type  of  single-acting  compressor  in  which  both  inlet  valves 
are  in  the  npper  compressor  head,  the  piston  is  best  made  as  a 
ribbed  dine  with  a  hub  at  the  center  for  the  piston  rod  and  a  peri- 
phery oE  sufficient  width  to  be  grooved  for  the  necessary  snap 
rings.     Three  to  five  of  these  rings  are  generally  used. 

Fig.  13  illnstrates  the  simplest  form  of  piston  of  this  type, 
A  being  the  cast  head,  B  the  snap  rings,  and  0  the  piston 
rod.     The  surface  is  faced  square  with  the  bore  of  the  hub,  and 
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the  rod  forced  in  and  riveted  over,  filling  the  email  connterbore 
provided  for  this  purpose.  The  cast  head  and  rod  having  been 
previously  roughed  out,  is  now  finished  in  its  assembled  condi- 
tion, the  rod  made  parallel  and  true  to  gauge,  threaded  to  fit  the 
crosshead  and  the  grooves  turned  for  Uie  snap  rings,  which  are 
made  slightly  largerthaD  the  bore  of  the  compressor.  A  diagonal 
cut  is  made  through  one  side  and  enougti  of  the  ring  is  cut  out  to 
allow  it  to  slip  into  the  cylinder  without  binding.  It  is  then 
scraped  on  its  sides  until  it  fits  accurately  the  groove  in  the  piston. 
It  ie  also  well  to  turn  a  small  half-round  oil  groove  in  the  outer 
face  of  the  piston  between  each  ring  which  gaUiers  and  retains  a 
portion  of  the  oil  used  for  lubrication,  thus  increasing  the  efficiency 
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of  the  piston  and  collecting  dust  or  scale  and  lessening  the  liability 
of  cutting  of  the  cylinder  due  to  any  of  the  usual  causes. 

The  piston  rod  requires  special  care  both  in  workmanship  and 
material.     In  order  to  be  effective  it  must  be  true  from  end  to 
end  and  to  be  lasting  under  the  variety  of  conditions  which  it 
operates,  should  be  of  a  good  grade  of  tool  steel.     The  end  which 
is  usually  made  to  screw  into  the  crosshead  is  turned  somewhat 
smaller,  usually  from  J  to  J  inch  in  diameter,  than  the  portion  pass- 
ing through  the  packing  or  stuflSng  box  principally  to  allow  of 
returning  or  truing  up  the  rod  when  it  becomes  worn,  and  also  to 
allow  it  to  pass  through  the  stuffing  box.     After  the  rod  is  screwed 
into  the  crosshead  it  is  secured  and  locked  with  a  nut  to  prevent 
turning.     The  nut  also  allows  the  position  of  the  piston  to  be 
changed   to  compensate  for  wear  on  the  different  parts  of    the 
machine  by  simply  loosening  the  lock  nut  and  turning  the  piston 
and  rod  in  or  out  of  the  crosshead. 

The  stuff ins^  box  of  the  compressor,  shown  in  Fig.  13,  is  one 
of  the  most  difficult  parts  to  keep  in  proper  order.  This  is 
owing  principally  to  one  of  two  causes:  not  being  in  line  with 
the  crosshead  guide  or  bore  of  the  compressor,  or  the  great  dif- 
ference of  temperature  to  which  it  is  subjected  owing  to  the 
possible  chanircs  taking  place  in  the  evaporator.  However,  with 
the  compressor  crosshead  guides,  and  stuffing  box  in  perfect 
alignment,  and  a  constant  pressure  or  temperature  on  the  evap- 
orating side,  it  is  a  simple  matter  with  almost  any  kind  of 
packing  on  a  machine  of  the  vertical  single-acting  type  to  keep 
the  stuffing  box  tight  and  in  perfect  condition.  If,  however, 
either  of  the  above  conditions  are  changed  it  becomes  practically 
impossible  to  accomplish  this.  We  have  learned  that  perfectly 
constructed  and  operating  valves  is  one  of  the  essential  features  of 
a  perfect  machine.  We  also  know  that  the  alignment  of  the 
machine  is  equally  important. 

Erection.  Experience  in  the  building,  erecting  and  operation 
of  this  class  of  machinery,  shows  that  more  machinery  is  con- 
demned, more  complaints  made  and  difficulties  encountered  owing 
to  these  two  points  than  all  others  put  together.  It  is  all  im- 
portant to  the  erecting  and  operating  engineer  that  they  be 
absolutely  certain  of  these  two  points. 
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After  the  A  frame,  the  compressor  cylinder  and  its  lower 
head  have  been  placed  in  pOBition,  a  fine  hard  line  should  be 
passed  through  the  cylinder  and  staffing  box  down  through  the 
guide  and  to  the  crank  piD  in  the  shaft,  drawn  tight  and  secured 
in  some  manner  at  each  end  and  then  callipered  at  each  point. 
Tht!  diifereut  parts  should  be  brought  into  perfect  alignmeiit 
before  the  rest  of  the  machine  is  assembled. 

Fig.    14   illustrates   the   methods   of   obtaining   the   proper 


Fig.  13. 

results.  Assuming  that  the  brasses  are  central  with  the  connect- 
Jng  rod  and  the  connecting  rod  with  the  crosshead,  the  line  should 
of  course  be  central  with  the  crank  pin  and  this  condition  should 
exist  when  the  pin  is  at  its  top  and  bottom  positions.  In  other 
words,  when  the  line  is  placed  midway  between  the  collars  on  the 
crank  pin  when  at  the  bottom  stroke,  and  the  shaft  is  revolved 
one-half  revolution  to  its  top  stroke,  the  line  should  be  exactly 
midway  between  them;  or  the  top  moved  until  such  is  the  case, 
and  this  should  be  determined  as  absolutely  correct  before  pro- 
ceeding  further,  'Wlien  this  is  accomplished  we  may  proceed  to 
the  guides  and  caliper  first  at  the  bottom  and  then  the  top 
between  the  line  and  each  side  of  the  bore,  moving  the  A  frame 
by  dressing  the  bottoms  of  the  feet  or  packing  under,  as  may  be 
most  desirable. 
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We  may  now  examine  the  top  of  the  compressor  and  the 
bottom  of  the  stuffing  box  to  determine  whether  or  not  these  are 
central.  By  shimming  or  packing  under  the  side  of  the  com- 
pressor, the  cylinder  and  the  stuffing  box  may  be  moved  in  the 


tc 


required  direction;    this  will  be  found  all   that  is  necessary  to 

correct  the  small  inaccuracies.     Of  course,  should  objection  be 

raised  to  the  method,  the  other  remedy  is  to  dress  the  surfaces. 

Having  the  different  parts  in  proper  alignment,  we  may  now 
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proceed  with  the  assembling  of  the  balance  of  the  machine,  feel- 
ing  assured  that  with  reasonably  good  workmanship  and  material, 
we  will  have  a  good  running  machine.  It  is  well  to  have  a  com- 
pressor stuflSng  box  of  any  of  the  several  types  in  two  parts  or 
double  packed  (see  Fig.  13),  the  inner  to  be  of  proper  proportion 
to  hold  the  packing  against  the  loss  of  ammonia  and  the  outer  of 
only  slight  depth  to  retain  the  lubricating  oil  within  the  annular 
space  provided  between  the  two,  and  through  which  the  rod  passes 
in  its  travel.  The  packing  may  be  drawn  up  or  tightened  by  any 
one  of  several  common  devices,  although  a  parallel  device  or  one 
which  causes  the  gland  to  move  uniformly  by  tightening  at  one 
point  is  to  be  preferred.  Although  three  or  four  separate  bolts 
are  very  often  used  they  are  undesirable  from  the  fact  that  they 
may  cause  a  tipping  or  "cocking"  due  to  the  tightening  or 
loosening  of  one. 

There  are  innumerable  materials  for  packing,  and  the  ^^  pack- 
ing man  "  is  encountered  every  day  extolling  the  "good  qualities** 
of  his  packing.  It  is  probable  that  all  have  good  points,  but  it  is 
doubtful  if  any  one  make  or  kind  would  meet  with  the  unqualified 
indorsement  of  all  engineers;  also  no  one  packing  is  best  for  all 
conditions  or  duties.  The  condition  and  packing  must  be  suited  to 
one  another;  this  will  generally  be  accomplished  by  the  good 
engineer. 

In  the  construction  of  the  stuffing  box  it  is  well  to  bush  the 
bottom  of  the  glands  with  Babbitt  metal,  because  the  rod  h  often 
pressed  to  one  side  crowding  it  against  the  side  of  the  gland 
or  bottom  of  box,  causing  the  same  to  cut.  When  it  becomes 
necessary  to  turn  down  the  rod,  a  new  bushing  is  all  that  is  nee- 
essary  to  reduce  the  openings  correspondingly. 

Water  Jacket.  In  the  vertical  single-acting  type  of  com- 
pressor, it  is  usual  to  provide  a  water  jacket,  which  may  be  cast 
in  combination  with  the  compressor  cylinder  or  made  of  some 
sheet  metal  secured  to  an  angle,  which  is  bolted  to  a  flange  cast 
on  the  cylinder.  It  is  usual  to  have  this  water  jacket  start  at 
about  the  middle  of  the  compressor  (or  a  little  below  as  shown 
in  Fig.  15)  and  extend  enough  above  to  cover  the  compressor 
heads,  valves  and  bonnets  with  water;  the  principal  object  of 
which  ia  to  keep  these  parts  at  a  normal  temperature  and  thereby 
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^iiiprore  the  operation  aa  well  as  protect  the  joints  agsinat  the 
(.-.xcessivb  heat  which  would  be  generated  by  the  continued  com- 
pression. It  \a  also  ftD  advantage  in  the  operation  of  the  plant, 
since  by  reducing  the  temperatare  in  the  coinpreasor  and  adjacent 
parts,  the  compressor  is  filled  with  gas  of  a  greater  density.  It  is 
ii]so  true  that  tlii>  heat  extracted  or  taken  up  by  the  water  at 
this  jtoint  is  a  certain  portion  of  the  work  performed  in  the  con- 
denser and  therefore  not  a  waste. 

In  the  operation  of  the  plant  it  is  well  to  have  plenty  of 
water  flow  through  the  jackets,  as 
the  cooler  the  cunipressors  are  kept 
the  better,  but  in  plants  in  which 
water  is  scarce  the  quantity  may  be 
ri'dufed  correspondingly  until  the 
overflow  is  upwards  of  100'  Fahr 
In  extreme  cases  of  shortage  of  water 
Uie  overflow  water  from  the  ammonia 
CUiideiiBer  is  Bometinies  used  on  the 
water  jackets,  that  is,  the  entire 
amount  uf  availalde  water  is  de1!v< 
erinl  to  the  condenser,  and  a  supply 
from  tile  catch  pun  (if  it  be  an  at- 
iiiospheric  t_v[kM  is  taken  for  the  water 
jacket I-,  ill  wliichcase  a  greater  quan- 
tity may  be  used  but  at  a  higher  temperature.  It  is  customary 
to  admit  the  water  thr"iigh  the  flange  forming  the  bottom  of  the 
water  jncket  and  overflow  near  the  top  into  a  stand  pipe  which  is 
coiiiiectoJ  at  its  lower  end  through  the  flange  to  a  system  of  pij)es 
to  take  it  away.  To  prevent  condensation  on  the  outer  surface  of 
the  jacket,  and  to  present  a  more  pleasing  appearance,  it  ia  fre- 
(juently  lagged  with  hardwood  strips  and  bound  with  finished 
linias  or  uickel-plated  bands.  It  is  also  well  to  have  a  waehoat 
connection  from  each  jacket. 

Lubrication.  Tlie  vertical  ty])e  of  compressor  requires  the 
least  amount  of  lubrication  from  the  fact  that  all  moving  parte  are 
in  i-fjuili brill m.  Tlio  slight  amount  oE  oil  used  ia  merely  to  keep 
tlie  surfaces  from  liecomiiig  entirely  dry-  Excessive  lubrication 
is  an  objection,  owing  to  the  insulating  effect  upon  the  surfaces 
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of  the  coiideiisinff  and  evaporating  syBteiii.  Tliereforo  it  is  well 
to  feed  to  the  oompressorB  as  little  as  is  consistent  vith  the  o[>era- 
tion  of  the  niai'hiiiery.  A  proper  sejwrating  device  should  bo 
located  ill  the  discharge  pipe  from  the  compressor  to  the  con- 
denser. To  proiHirly  admit,  or  feed  tlie  luhricant  to  the  com- 
pressors, siifht  feed  lubricators  should  be  provicUtl,  by  which  the 
amount  iiuiy  1k'  determined  aud  refjulated.     These  may  lie  of  tho 


reservoir  type,  or  better  still  the  drojipers,  fed  from  a  large  reser- 
voir through  a  p'l'^  and  which  may  be  filled  by  a  band  puuip 
when  necesBary  (see  Fig.  16).  Owing  to  tho  action  of  ammonia 
on  animal  or  vegetable  oils,  other  than  these  must  be  used  as  a 
lubricant  fur  the  compressor.  The  principal  oil  for  this  purpose 
(and  nhen  obtained  pure,  a  very  good  one)  is  the  AVest  Virginia 
Natural  Lubricating  Oil  or  Mount  Fann,  wliich  is  a  durk-colored 
oil  not  affected  by  tlie  action  of  the  ammonia  or  tho  low  tenipcra- 
tur©  of  the  uvaporator.  Of  late  years  the  oil  refining  companies 
have  put  on  the  market  a  light-colored  oil  which  appears  tn  give 
good  results  for  the  purpose.     Car©  ehoald  be  used,  hov;ever,  in 
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the  selection  and  oil  should  not  be  used  unless  it  is  of  the  proper 
grade,  as  serious  results  follow  the  use  of  inferior  oils.  The  usual 
result  is  the  gunnning  of  the  compressors  and  valves  or  the 
saponifying  under  the  action  of  the  ammonia  through  the  system. 

LOSSES. 

Having  described  the  compressor  and  its  parts,  let  us  take  up 
the  losses  due  to  the  improper  working  or  assembling  of  the 
parts  of  the  machine,  before  proceeding  with  the  description  of 
the  rest  of  the  plant.  As  has  been  stated  in  a  general  way,  the 
economy  of  the  compressor  lies  in  its  tilling  at  the  nearest  possible 
point  to  the  evaporating  ])res8ure  and  then  compressing  aod  dis- 
charging at  the  lowest  possible  pressure,  as  much  of  the  entire 
contents  of  the  cylinder  as  j)088ible.  If  the  compressor  piston 
does  noc  travel  close  to  the  upper  end  (of  a  single-acting  ma- 
chine) or  the  machine  has  excessive  clearance,  the  compressed  gas 
remaining  in  the  cylinder  re-expands  on  the  downward  stroke  of 
the  piston  and  gas  from  the  evaj)orator  will  not  be  taken  into  the 
compressor  until  the  pressure  falls  to,  or  slightly  below,  this  j)oint, 
and  the  loss  due  to  this  fault  is  ecjual  to  the  quantity  of  gas  thus 
prevented  from  enterin<r  the  compressor  plus  the  friction  of  the 
machine  while  c*onij)ressing  the  portion  of  the  gas  thus  expanding. 

If  we  make  a  full  discharcje  of  the  nas  and  there  is  a  leakv 
outlet  valve  in  the  compressor,  the  esca|)e  and  re-expansion  into 
the  compressor  affects  not  only  the  intake  of  the  gas  at  the  begin- 
ninc;  of  the  return  stroke,  but  continues  to  affect  the  amount  of 
incomin(^  pas  during  the  entire  stroke  and  the  capacity  of  the  ma- 
chine will  he  correspondincrly  HMluctMl.  If  the  inlet  valve  is  leaky 
or  a  particle  of  scale  or  dirt  becomes  lodged  on  its  seat,  as  the 
piston  moves  u|)ward  the  ])ortion  of  the  gas  which  may  escape 
during  the  ])eri()d  of  compression  is  forced  back  to  the  evaj)orator 
and  a  corres])Onding  loss  is  the  result.  A  piston  which  does  not 
fit  the  compressor,  faulty  ])iston  rings,  or  a  compressor  which  has 
become  cut  or  worn  to  the  point  of  allowing  the  escape  of  gas 
between  the  eylinder  and  piston  has  the  same  effect  as  the  ill 
conditioned  suction  valve.  The  loss  due  to  leaky  or  defective 
evlinders,  ioints  or  stuthncr  boxes,  are  not  included  under  this 
head  as  these  inon*  generally  eft'ect  the  loss  of  the  material  than 
the  efficiency  of  the  compressor. 
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To  present  graphicaUj  the  loBses  due  to  the  above  causes 
refer  to  Fig.  17,  which  illnetrates  the  usual  indicator  card  taken 
from  an  ammonia  compresBor  and  the  effect  upon  it  of  the  various 
losses. 

The  different  mechanisms  employed  in  actuating  the  com- 
pressor piston,  such  as  crossheads,  connecting  rods,  pins,  crank 
shaft  and  hearings,  are  of  usual  engine  practice.  A  detailed 
description  will  not  be  given  here.  It  should  be  stated  that  owing 
to  the  steady  load  and  the  continuous  service  usually  demanded  of 


Fig.  17. 

a  refrigerating  plant,  and  the  occasional  high  pressures  encount- 
ered in  the  extremely  warm  weather,  the  construction  should  be 
of  the  best  and  the  wearing  surfaces  ample  to  withstand  the  hard 
service.  The  many  types  of  machines  and  the  methods  of  connect- 
ing the  power  or  engine  are  of  almost  endless  variety.  It  is  suf- 
ficient to  intate  that  the  general  claBaea  of  engines  are  of  vertical  or 
horizontal  single-cylinder,  tandem  or  cross  compound,  condensing 
or  non -condensing. 

The  horizontal  donble-acting  compressor  embodies  all  the 
general  principles  of  the  vertical  single-acting,  but  having  certain 
modifications  to  meet  the  mechanical  differences  presented.  They 
may  be  divided  into  two  classes,  those  having  water  jackets  and 
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those  without.  The  former  usually  has  a  water  jacket  extending 
about  the  body  of  the  cylinder  but  not  over  the  heads  and  valves 
as  in  the  single-acting  compressor.  Compressors  not  provided 
with  water  jackets  are  internally  cooled  either  by  evaporation  of  a 
|X)rtion  of  the  ammonia,  or  the  injection  of  ammonia  or  cooled  oil. 
Tlie  claims  of  both  these  last  named  systems  are  that  instead  of 
the  curve  of  compression  being  close  to  the  adiabatic  it  is  brought 
nearly  to  the  isothermal,  and  that  a  corresponding  economy  in 
horse  |X)wer  required  to  operate  the  machine  is  effected.  Owing 
to  the  fact  that  this  type  of  compressor  takes  in  and  discharges 
gas  in  both  directions,  it  is  necessary  that  inlet  and  outlet  valves 
be  provided  in  both  heads,  and  that  the  inner  head  be  provided 
with  a  stuffing  box  also  for  the  piston  rod.  This  renders  it  im- 
possible to  place  the  valves  horizontally,  and  as  a  result,  the  valves 
are  ])laced  at  an  angle  of  from  30''. to  45''  from  the  center  of  the 
compressor,  and  the  inner  face  of  the  heads  and  pistons  made  on 
an  angle  to  conform  to  this;  or  sometimes  the  valves  are  spherical, 
to  avoid  clearance  which  would  result  from  the  difference  in  their 
surfaces.  The  weight  of  the  piston  and  rod  being  towards  the 
bottom  of  the  cylinder,  it  is  necessary  that  the  piston  be  of  con- 
siderable length  to  provide  a  greater  surface  for  wear. 

The  stuffing  box  must  have  sufficient  depth  to  successfully 
retain  the  gas  during  the  period  of  compression,  and  lubrication 
should  take  place  wliile  the  rod  is  passing  through  the  ])acking. 
This  is  accomplished  with  a  small  oil  pump  actuated  from  the 
moving  ])arts  of  the  machine  or  a  pressure  system  regulated  by 
the  ]>ressiirc  in  the  oil  separator.  In  each  case  oil  passes  between 
the  double  |)acking  thereby  causing  the  ])iston  rod  to  ])ass  thnmgh 
a  chamber  of  oil. 

The  compressor  valves  and  their  cages  are  of  the  description 
already  triviMi  and  the  same  care  and  caution  regardintj  the  con- 
struction  and  operation  apply  to  the  valves  of  this  type  of 
machine,  but  the  fact  that  they  are  horizontal  or  nearly  so  makes 
their  construction  somewhat  different  and  necessitates  springs  of 
different  strength.  The  valves,  cages  and  springs  are  covered  by  a 
domo  bolted  in  place  and  its  union  with  the  compressor  head  is 
provided  with  a  gasket  to  prevent  loss  of  ammonia.  It  is  well  to 
have  at  hand  duplicates  of  the  compressor  valves  and  springs,  as 
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an  entire  valve  can  be  changed  in  less  time  than  it  takes  to  repair 
one  out  of  order.  As  the  machine  during  this  time  must  remain 
out  of  service,  it  is  customary  for  the  builders  to  supply  these  in 
duplicate.  After  a  valve  is  taken  out  and  replaced,  it  is  well  to 
have  the  faulty  one  put  in  |)erfect  condition,  the  strength  of 
springs  tested,  the  seat  and  stem  corrected,  oiled  and  put  away  in 
readiness  to  be  used  again  when  the  occasion  requires. 

This  tyj)e  of  compressor  is  usually  driven  from  a  rotating 
shaft  with  the  ordinary  connecting  rod  by  a  crank  and  crosshead. 
Adjustment  for  wear  is  provided  in  the  piston  rod  at  the  cross- 
head,  and  the  position  of  the  piston  may  be  adjusted  between  the 
heads  of  the  compressor  by  screwing  in  or  out  of  the  crosshead. 
The  clearance  of  the  compressor  piston  is  important;  it  should  be 
as  small  as  possible  and  yet  not  allow  the  piston  to  strike  the 
heads.  This  naturally  cannot  be  reduced  to  the  small  degree  pos- 
sible in  the  single-acting  type,  from  the  fact  that  it  must  be  ad- 
justed to  both  heads,  and  the  expansion  and  contraction  of  the 
piston  and  connecting  rod  and  wear  is  of  such  an  amount  as  to 
render  a  close  adjustment  impossible.  Fig.  18  is  a  sectional  cut 
of  a  modern  type  of  double-acting  compressor  with  water  jacket; 
Fig.  4  a  section  of  one  not  using  the  water  jacket  and  Fig.  10  an 
elevation  of  either  in  combination  with  its  motive  power,  a  Corliss 
engine,  shaft,  fly  wheel,  etc. 

The  stuflSng-box  oil  pump  is  shown  in  Fig.  10  which  illus- 
trates the  general  method  of  lubricating  the  compressor  piston,  the 
oil  being  pumped  through  the  box  and  returning  to  a  catch  pan 
or  basin  provided  in  the  bed  plate. 

THE  AMMONIA  CONDENSER. 

The  Ammonia  Condenser,  or  liquefier,  as  briefly  stated  in  the 
description  of  the  system,  is  that  portion  of  the  plant  in  which  the 
gas  from  the  evaporator,  having  been  compressed  to  a  certain 
point,  is  cooled  by  water  and  thereby  deprived  of  the  heat  which 
it  took  up  during  evaporation;  consequently  it  is  reduced  to  its 
initial  state,  that  is,  liquid  anhydrous  ammonia.  Let  us  consider 
the  general  principles  governing  the  action  before  describing  the 
types.  On  account  of  the  duty  having  been  performed,  the 
ammonia  as  it  leaves  the  evaporator  is  a  gas  of  low  temperature, 
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usoally  5"  to  10°  below  that  of  the 
brine,  or  other  body  upon  which 
it  has  been  doing  dnty,  yet  it  is 
laden  with  a  certain  amount  of 
heat,  although  at  a  temperatare 
not  ordinarily  expressed  by  that 
term.  It  is  a  well. known  fact 
that  we  cannot  obtain  a  refriger- 
ating agent  which  can  aboorb  li(<at 
from  a  body  colder  than  itself, 
and  it  is  therefore  necessary  to 
bring  the  temperature  of  the  am- 
monia gas  to  a  point  at  which  the 
flow  of  heat  from  the  one  to  the 
other  will  take  place.  This  is 
lUme  by  withdrawing  part  of  the 
heat  in  the  ammonia  in  the  fol. 
lowing  manner:  The  cold  gaa  is 
coiii|iresHed  until  its  presHure 
reaches  such  ft  point  that  at  ordi- 
nary temperatures  it  will  condense 
to  liquid  form.  As  it  leaves  the 
compresBor  it  iuvery  hot  becausw 
of  the  fact  that  it  still  contains 
nearly  all  of  the  heat  it  had  when 
it  Ifft  the  evaporator  in  only  a 
small  portion  of  the  space  occu- 
pied before.  Thus  when  it  reaches 
ihf  condenser  it  is  much  warmer 
than  iho  cooling  water  and  will 
readily  give  up  its  heat  to  the 
cold  water— po  much  that  its  la- 
tent heat  is  absorbed  by  the  water 
and  it  condenses  into  anhydrous 
ammonia. 

The  temperature  of  water  if 
jiumiiedfrom  surface  streams  will 
average  about  fiO'  F  and  since  we 
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cannot  expect  to  get  the  ammonia  any  colder  than  tLia  it  mnst  be 
compressed  antil  the  boiling  point  corresponding  to  the  pressure 
obtained  is  at  about  75"  F. 

In  the  table,  page  88,  we  find  that  this  tem [wratnre  corre- 
sponds to  a  preBSure  of  144.25  ponnds  per  scjuare  inch  (abBolute)  or 
126.65  poands  per  square  inch  (gauge). 

Thus  if  the'  gas  is  compressed  until  the  gauge  reads  126.55 
and  then  passed  into  a  condenser  where  the  temperature  of  thtt 
water  is  less  than  75°  F  the  water  will  absorb  the  latent  heat  and 
we  have  accomplished  our  object  which  was  to  remove  some  of 
the  heat  contained  in  the  ammonia.  In  this  condition  it  is  drained 
from  the  condenser  into  the  ammonia  receiver  to  again  repeat  the 
cycle  of  operation. 
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Pig.  19. 

The  fonna  of  condenser  may  be  divided  into  three  classes; 
the  submerged,  atmospheric,  and  double-pipe.  Of  each  of  these 
classes  a  number  of  different  types  and  constructions  are  in  use. 
To  illustrate  the  general  principles,  however,  it  is  only  necessary 
to  present  one  of  each  type. 

The  SubmcTgcd  Condenser  consists  of  around  or  rectangular 
tank  with  a  series  of  spiral  or  flat  colls  within  joined  to  headers  at 
top  and  bottom  with  proper  ammonia  unions.  In  Fig.  19  is 
shown  a  sectional  elevation  of  a  popular  type  of  submerged  con- 
denser. A  wrought  iron  or  steel  tank  A  ia  formed  by  plates  from 
■j^  to  ^''f  inch  thick,  of  the  necessary  dlmimsioiia  to  coutaln  the 
coils,  and  sufficiently  braced  around  the  top  and  sides  to  prevent 
bnlging  when  filled  with  water.     A  series  of  welded  zigzag  pipe 
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coils  B  are  placed  in  ihn  tank  and  joined  to  headers  C  vritli 
aramooia  unloos  D.  The  aininotiia  gas  enters  the  top  header 
tliroiigb  the  pipe  E  and  an  oiitk-t  for  the  liqnefied  aiiunonia  ia 
provid»jd  at  F  villi  a  projitT  stop  valve.  Wiilur  ia  discharged  or 
admitted  to  the  tank  at  or  near  the  bottom  and  overHowa  at  onUet 


M.  It  will  be  seen  that  in  thiB  type  gf  fondunacr  a  complete 
reverse  flow  of  the  current  is  effecttwi,  the  gaa  entering  at  the  t4>p 
and  the  liquid  leaving  at  the  bottom,  while  tbe  water  enters  at  the 
bottom  and  leaves  at  the  top,  thereby  bringing  tlie  coldest  water 
in  contact  with  the  eooles:  gaa    ^ud  the  warmer  water  in  contact 
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with  the  incoming  or  discharged  gas  from  the  compressor,  thereby 
presenting  the  ideal  condition  for  properly  condensing  ammonia. 

Owing  to  the  necessarily  large  spaces  between  the  coils  and 
the  distance  between  the  bent  pipes,  the  portion  of  water  coming 
in  contact  with  the  surface  of  the  pipes  must  be  small  compared 
with  the  total  amount  passing  through;  it  is,  therefore,  uneconom- 
ical as  regards  amount  of  water  used.  With  water  containing  a  large 
amount  of  floating  impurities  the  deposit  on  the  coils  is  consider- 
able, and  not  easily  removed  owing  to  the  limited  space  between 
the  coils,  and  furthermore,  the  dimensions  of  the  tank  necessary 
to  contain  the  recpiisite  amount  of  pipe  for  a  plant  of  considerable 
size  is  so  great  and  its  weight  when  equipped  with  coils  and  filled 
with  water  requires  such  a  strong  support  that  its  use  is  now  lim- 
ited  to  certain  requirements  and  localities. 

A  better  shape  for  a  condenser  of  this  type  is  one  of  consid- 
erable height  or  depth,  rather  than  low  and  broad.  This  is  owing 
to  the  fact  that  the  gi*eater  the  length  of  travel  of  the  water  and 
gas  in  opjx)site  directions,  the  greater  the  economy.  The  number 
of  coils  used  should  be  such  that  the  combined  internal  area  ot 
the  pipes  equals,  or  exceeds  the  area  of  the  discharge  pipe  from  the 
compressor.  Tlie  circular  submerged  condenser  is  similar  to  the 
above  described  except  that  the  tank  is  circular  and  the  coils  bent 
spirally. 

The  Atmospheric  type  of  condenser  most  generally  used  is 
made  of  straight  lengths  of  2-inch  extra-strong,  or  special  pipe, 
usually  20  feet  long,  screwed,  or  screwed  and  soldered  into  steel 
return  bends  about  3i-inch  centers  and  usually  from  eighteen  to 
twenty-four  pij)es  high.  The  coil  is  supported  on  cast  or  wrought 
iron  stands  and  placed  within  a  catch  pan,  or  on  a  water-tight 
floor,  having  a  proper  waste  water  outlet  and  supplied  with  one  of 
the  several  means  of  supplying  the  cooling  water  over  their  sur- 
faces. Stop  valves,  manifolds  and  unions  connect  with  the  dis- 
charge of  the  compressor  and  the  liquid  ammonia  supply  to  the 
receiver. 

In  the  manner  of  making  the  connections  to  this  type  of  con- 
denser  and  the  taking  away  of  the  liquefied  ammonia  as  well  as  in 
the  devices  for  supplying  the  cooling  water,  a  great  variety  exists; 
Fig.  20  represents  a  side  elevation  of  an  ammonia  condenser  with 
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111*'  iliNi-hiir^i  or  inlet  ut  tlic  piH  from  tku  c-umpreasor  eoterinj;  at 
llii>  (ii)i  A  ttiiil  i\w  1u[uit)  luiimonia  taken  off  at  the  bottom  £ 
wlillo  iho  wntor  in  xuiijOiitl  ov^r  th»  coils  flowing  down  into  the 
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ammonia.  The  temperature  governing  or  determining  the  point 
of  condensation  will  be  that  of  leaving  the  condenser,  or  at  the 
bottom  pipe  in  which  the  liquid  ammonia  is  withdrawn.  Owing 
to  this  arrangement  it  is  not  favorable  to  a  low  condensing  pres- 
sure or  economy  in  the  water  used.  Fig.  21  represents  a  typo  in 
which  an  attempt  is  made  to  eliminate  this  undesirable  feature, 
and  in  which  it  is  expected  to  use  the  waste  from  the  condenser 
proper,  in  taking  out  the  greater  part  of  the  sensible  heat  from  the 
gas  leaving  the  compressor. 

The  construction  of  this  condenser  is  identical  with  that  shown 
in  the  preceding  figure  except  that  its  uppermost  pipe  is  continued 
down  and  under  the  pipes  forming  the  condenser  proper;  it  passes 
backward  and  forward  in  order  that  a  large  proportion  of  the  heat 
may  be  removed  by  the  water  from  the  condenser  j)roj)er,  before 
the  ammonia  enters  the  condenser.  A  supplemental  header  is 
sometimes  introduced  in  connection  with  this  pipe  for  removing 
any  condensation  taking  place  in  it. 

A  third  type  of  this  condenser  is  shown  in  Fig.  22.  In  this 
type  a  reverse  flow  of  the  gas  and  water  takes  place.  The  gas 
enters  the  condenser  throucrh  a  manifold  or  header  A  at  the  bottom 
and  continues  its  flow  ujiward  throuo;h  the  pi])es  to  the  top;  at 
several  points  drain  ])ij)e9  are  provided  for  taking  off  the  condensa- 
tion into  the  header  B.  The  condensin<j  water  flows  downward  over 
the  pipes.   The  form  is  the  most  nearly  perfect  condenser  of  the  class. 

The  atmospheric  type  is  a  favorite,  and  possesses  many  feat- 
ures that  make  it  preferred  to  the  submerged.  Its  weight  is  a 
minimum,  being  only  that  of  pipe  and  supports  and  a  small  amount 
of  water.  The  sections  or  banks  may  be  placed  a  favorable  distance 
apart  to  facilitate  cleaning  and  repairs,  while  the  atmospheric  effect 
in  evaporating  a  portion  of  the  condensing  water  during  its  flow 
over  the  condenser,  thereby  obtaining  the  advantage  of  its  latent 
heat  as  well  as  the  natural  raise  in  its  temperature,  ad<ls  materially 
to  its  efficiency. 

The  various  devices  for  distributing  the  water  over  the  con- 
denser  are  numerous: 

Fig.  23  represents  the  simplest  and  most  easily  obtained;  a 
simple  trough  with  perforations  at  the  bottom  for  allowing  the 
water  to  drip  through  to  the  condenser. 
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Fig.  24  is  a  modification  of  the  one  bLowh  in  Fig.  23.  This 
IB  intended  to  prevent  the  clogging  of  the  purEorations,  by  allow- 
ing the  water  to  flow  into  tho  space  at  ooe  side  of  the  partition, 
and  then  through  a  series  of  j^rforationa  into  the  second,  and 


thence  through  a  spcond  Bt>t  of  perforatinna  in  ihe  bottom   to   the 
pi[>ea  in  the  uonHent-or. 

Fig,  2o  is  a  type  of  trough,  or  water  distributor,  designed  to 
uvercoino  the  objections  to  a  ji^rforated  form  of  trough,  and  the 
consequent  difficulties  dut«  (o  the  clogging  or  tiUiog  of  the  perfora- 
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The  object  of  tlie  mirrateJ  eclfjeB,  as  will  be  apparent,  is  the 
more  even  distributiuii  of  the  water,  owing  to  the  fact  that  while 
it  vouM  be  prHCtieally  itii|)Oi}sible  to  obtain  a  nnifonn  flow  of 
Wiilrr  ovi-r  II  straight  ami  even  eilge  of  a  trough,  particularly  if 
till)  aiiiuuiit  is  lirtiiteil,  it  Jn  an  easy  intttter  to  reflate  the  tlow 
througli  the  V-shaped  openings. 

Fig.  26  ia  termed  the  "slotted  water  pipe."  It  ia  a  pipe 
slotted  between  its  two  ends,  from  which  the  water  overflows  to 
the  Beriea  of  pipes  helow.  It  is  good  practice  to  lead  the  water 
supply  to  a  cast-iron  Ixix  at  thr  *%nttr  of  the  condenser,  into  the 


Fig  25 
sides  oE  which  ia  screwed  a  piece  of  pipe  (usually  2.inch)  reaching 
the  ends  of  the  coiideiiBer,  and  having  its  outer  ends  capped,  which 
may  he  removed  while  a  scraper  is  passtd  through  the  slot  from 
the  center  towards  the  ends  while  the  water  is  still  flowing, 
thereby  carrying  off  any  deposit  within  the  pipe.  Thia  forms  a 
very  durable  oonstmctioL,  and  not  liable,  as  with  the  galvanized 
drip  trough,  to  diaarrangement  or  bending  out  of  shape  doe  to 
varioua  Cannes.  It  ia  imjioBaible,  however,  to  obtain  the  uniform 
flow  of  water  over  the  condenaer  with  this,  as  with  the  serrated  or 
|>erforateil  tnnigbs,  [Mirticularly  if  the  supply  is  limited,  from  the 
fact  as  stated  in  describing  the  overflow  trough,  viz:  the  imposBi- 
ility  of  obtaining  a  sufficiently  thin  stream  of  that  length. 
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The  Double-Pipe  Condenser  in  u  mtxlprii  adaptation  of  an  nld 
idea,  ^ivcn  np  owiiijr  to  ilw  coiii|)U'X  fonatnuilioii  and  the  inijif  r- 
fect  fai-ilities  availalilt^  fur  ils  iiiHiiiifactnie.  Also,  like  the  Bririi' 
Cooler,  it  hn8  come  into  use  with  great  rapidity,  and  lias  Iiroiij^hl 
forth  many  novel  ideas  of  priiipiple  and  ci»nwtriictioii.  It  cmn- 
bines  the  i^uod  features  of  the  atiiiosplierk-  as  well  as  the  sulj- 
nierged;  as  in  the  former  the  weight  is  aiuall  and  it  is  aoeesdihle 
for  repairs.  It  lias  tlie  downward  flow  of  tlie  ammonia  and  up- 
war<l  flow  of  the  water,  effecting  a  complete  counter  flow  of  the 
two.  minimizing  the  aiiiouiit  of  water  reipiireil  and  taking  up  tlie 


Fig.  2«. 

heat  of  condensation  with  the  least  jiossihle  difference  between  the 
ammonia  and  water. 

The  two  general  forms  of  eouBtraction  are  a  combination  of  a 
IJ-inch  pijie  within  a  2-ineh  pipe,  or  a  2-inch  pil>e  within  a 
ij-inch.  The  water  passes  u|iward  through  the  inner  pipe,  while 
the  gas  is  discharged  downward  through  the  annular  sjmce;  or, 
the  position  of  the  two  may  l>e  reversed,  the  ammonia  being 
within  the  inaide  pipe  while  the  water  travels  upward  through  the 
annular  s|)a(.-e.  They  are  also  constructed  in  series,  in  which  the 
gas  enters  a  nnml>er  of  pi]>e8  of  a  section  at  one  time,  flowing 
through  these  to  the  opposite  end  to  a  header  or  mauifuld,  at 
which  point  the  number  of   pipes  is  reiluced,  and  so  on  to  the 


KEFEIGERATlOlr 


REFRTGEKATION 


bottom  with  a  constantly  reduced  area.  Thft  theory  of  this  con- 
struction Wing  that  the  volnme  of  the  gas  ia  constantly  reduced 
as  it  is  being  condensed. 

Figs.  27,  2S  and  2!t  illuetrate  a  general  rangu  of  the  various 
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I  usual  in  the  conBtnicti 
Rection  or  bank  twelve  jii]>e9  high 
by  a)>ont  ITA  feet  long;  they  are 
rated  nominally  at  ten  tons  refrig- 
erating caj)acity  each,  although  for 
uneven  units  the  constniction  is 
made  to  vary  from  10  to  14  pipes 
in  each. 

The  Oil  Separator  or  Interceptor 
is  a  device,  or  form  of  trap,  placed 
on  the  line  of  the  discharge  Wtween 
the  compressor  and  the  condenser  to 
separate  the  oil  from  the  ammonia 
gas.  It  is  to  prevent  the  pijw  sur- 
face of  the  coadenaing  and  evapor- 
atingsystem  from  becoming  covered 
with  oil  which  acts  as  an  insulator 
and  prevents  rapid  transmission  of 
heat  through  the  walls. 

The  construction  admits  of  quite 
a  variety  of  principle,  from  the  plain 
cylindrical  shell  with  an  inlet  at  one 
side  or  end  and  an  outlet  at  the 
other,  to  the  almost  endless  variety 
of  baffle  plates,  Bj>iral  conductors 
and  reverne-current  devices.  The 
object  is  siinilarto  that  of  the  steam 
or  exhaust  separator,  and  generally  speaking,  that  which  woald 
I>e  effective  in  one  service  would  be  so  in  the  otiier.  Figa.  30,  81 
and  32  illustrate  three  of  the  most  common  types  in  use;  from  these 
the  student  will  understand  the  general  principles. 

AMMONIA  RECEIVER. 

The  Ammonia  Receiver  or  Storaf^  Tank  ia  a  cylindrical  shell 
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M'ith  lieiwls  bolted  or  st'ivwed  nil,  or  wfMed  in  eat-li  fiid,  and  pro- 
vidt-<l  witli  the  necessary  o[teiui]fT8  for  the  inlet  ami  outlet  of  tli« 
ammonia,  jmrge-valve  and  gauf^o  fittings.  Tliey  may  be  vertieal 
or  liorizontai;  the  former  type  ia  generally  used  on  uveouut  of  tha 
saving  of  ll<nir  ajmce,  while  the  horizontal  is  necessary  when  t'ltn 
condenser  ia  hx-ated  so  low  as  to  make  the  flow  of  the  liquid 
ammonia  into  the  vertical  tyjw  imjKJsaible.  A  convenient  locatiou 
for  the  receiver  in  a  plant  in  'vhich  the  condenser  ia  located  above 
the  machine  room,  is 
against  the  wall,  or  at 
one  aide  of  the  room 
on  a  bracket  or  stand 
at  one  side  of  the  oil 
interceptor,  the  Bizea 
of  the  two  being  gen- 
erally the  same.  They 
nre  then  more  readily 
under  the  control  of 
the  engineer  than  i  f  at 
some  out  of  the  way 
place. 

Fig.  fJ8  illustrates  a 
receiver  of  the  verti- 
cal  type  with  theuatLal 
valves  and  connec- 
tions for  the  proper 
ei|uipment.  The  liq- 
uid ammonia  enters  at 
ihe  top  and  is  feil  to 
Ihe  evaporator  fritni 
the  side  near  the  bot- 
tom, the  space  Iielow 
this  ojjening  being 
provided  for  thu  accumulation  of  scale,  dirt,  or  oil,  and  means  are 
[n-ovided  for  drawing  olf  through  the  purge  valve  in  the  bottom. 

PIPES.  VALVE5  AND  FITTINGS. 

Pipes.     Extra  strong,  or  extra  heavy  pipe  (so  called)  is  the 
generally  accepted  pipe   Siyr  connectijig  the   various  parts  of  the 
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refrigerating  eyBtem.  Wrought- iron  pipe  is  generally  preferred 
to  steel.  Frequently,  however,  and  particularly  for  the  evapor. 
ating  or  low-pressure  side  of  the  system,  a  special  weight  or  grade 
of  pi[)e  is  used,  also  standard  or  commun  pi)>e  it)  sometimes  em- 
ployed for  this  purpose.  Without  knowing  tlie  particular  condi- 
tions under  which  this  is  to  be  used,  or  the  n-lativo  value  of  the 
material,  or  manner  in  which  thu  pi|M3  is  made,  it  is  always  better 
to  use  and  insist  on  having  the  standard  e.xtra- strong  grade.  The 
threads  should  be  carefully  out,  with  a 
good  sharp  die,  making  sure  that  the  tup 
and  bottom  of  the  threads  are  sharp  and 
true.  With  this  precaution,  and  an 
equally  good  thread  in  the  fitting,  it  is 
Dot  difficult  to  form  a  good  and  lasting 
joint.  Particular  care  should  also  be 
taken  that  the  pi[>e  screws  into  tho 
fitting  the  pru|H^r  distance,  and  forms  a 
contact  the  entire  length,  rather  than  to 
screw  up  against  a  shoulder  without  a 
perfect  fit  in  the  thread.  This  latter 
often  causes  leaky  joints  sometime  after 
the  plant  hfts  been  operated;  the  tempo- 
rary joint  formed  by  screwing  in  too 
deep  against  the  shoulder  or  ill-fitting 
threads  very  often  passes  the  test  and  is 
used  for  some  time  after  until  the  com- 
bined effect  of  heat  and  cold,  and  action 
of  the  ammonia  cause  it  to  break  out. 
It  is  a  safe  rule  that  no  amount  of  solder 
or  other  doctoring  that  is  not  backed  up 
by  a  good  fitting  thread  to  support  it  can  make  an  ammonia  joint. 
This  is  particularly  true  of  the  discharge  or  compression  side  of 
the  plant. 

The  manner  of  making  these  joints,  may  Iw  divided  into  those 
Laving  a  compressible  gasket  between  tho  thread  on  the  jiipe  and 
the  fitting  into  which  it  screws  and  the  screwed  joint  formed  by  a 
threaded  pipe  screwed  into  a  tapjwd  flange  or  fitting.  The  latter 
may  be  divided  into  those  baviaga  soldered  joint,  or  one  in  which 
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tbe  union  U  formed  by  the  threads  only,  with  eoine  of  the  usual 
cements  to  assist  in  making  a  tight  joint. 

The  two  most  prominent  types  of  gasket  fittings  are  shown  iu 
Kig.  34  and  Ho.  The  former  is  known  in  this  country  as  the 
IJoyle  Union,  and  is  extensively  used.  Aa  will  be  observed,  the 
drawing  together  of  the  two  glands  by  the  bolts,  compreases  the 
gaskets,  {iisnally  rubber) 
against  tbo  threaded  sidea 
of  the  pipe,  the  bottom 
and  sides  of  the  recess  in 
the  flanges,  and  the  edges 
of  the  ferrule  between  the 
two  gaskets. 

Fig,  35  represents  a 
imioii  or  joint  quite  fre- 
(|uently  used,  although  not 
as  commonly  aa  the  former. 
In  this  the  pipe  is  threaded 
and  screwed  into  the  body 
of  the  fitting,  hut  not  to 
form  an  ammonia-tight 
jitint;  k-akagf  is  prevented 
by  a  jwK'kiiig  ring  com- 
pressed  by  the  gland  against 
the  pi[)e  thread  and  the 
walls  of  the  recess. 

In  Fig.  36  (a  type  of 
ammonia  coupling),  the 
contact  between  the  pijio 
and  fitting  is  made  to  with- 
stand the  leakage  of  the 
gas  without  the  aid  of  pack- 
ing or  other  material  other  than  solder  or  some  of  the  usual 
cements;  the  two  flanges  are  bolted  together  with  a  tongue  and 
grooved  joint  having  a  soft  metal  gasket.  This  makes  a  permanent 
and  durable  fitting. 

Other  fittings  of  the  class,  as  ells,  tees,  and  return  bends,  are 
usually  provided  with  one  of  the  above  methods  of  connecling  with 
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the  eyatem,  aiitl  the  different  types  described  ma,y  be  obtaiued  uf 
the  builders  oi  refrigerating  machines. 

Valves  for  the  ammonia  system  of  u  refrigerating  plant  are  of 
special  make  and  coustruetion,  being  of  steel  or  aemi-steel,  with  a 
soft  metal  seat  «hii-h  may  be  renewod  when  worn,  and  metal  gaskets 
between  the  bonnets  and  Hangee. 

The  usual  tyjjes  are  Glolfe,  Angle  and  Gatu,  sulxllvidml  into, 
screwed  and  Hanged.     Fig.  37  is  a  generally  adopted  tyjto  of  tho 
flanged  globe  ammonia  valve,  while  Fig.  3S  represents  tho  angle 
valve  of  the  same  construction.     Thia  seems  to  represent  the  best 
elements  of  it  iluriible  ami  ctticient  valve. 


Fig.  STy. 

For  a  valve  or  cock  requiring  a  tino  adjustment  aa  is  frequently 
thfl  case  in  direct-expansion  systeme.  particularly  where  the  length 
of  the  evaporating  coil  or  system  is  short,  a  V-sha|)cd  0£)ening  is 
desirable.  Fig.  3i'  represents  a  cock  for  thid  purjKJse  which  will 
be  found  to  be  effective  and  meet  the  most  exacting  reijuirenientH. 

Pressure  Gauges.  Two  gauges  are  uecessary  for  an  unimoniu 
plant  of  a  single  system;  one  to  indicate  tho  discharge  or  con- 
densing pressure,  and  one  for  the  evajwrator  or  return  gaa  pressure 
to  the  compressors. 

Owing  to  the  action  of  ammonia  on  brass  and  copjter  tho 
gauges  for  this  purpose  differ  from  the  ordinaiy  pressure  gauge  in 
that  it  is  made  with  a  tube  and  connections  of  steel  instead  of  braes, 
and  this  construction  is  the  geiierni  choice  of  gauge  makers;  in 
other  resiit'cts  the  construetion  is  similar.     For  niiichinvs  of  eiuall  j 
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capacity  instriinienta  with  fi-indi  disU  are  common,  while  for  larger 
plauts  8-iiich  in  the  generally  adopted  size.  The  graduatloa  for 
th«  high  presanre  gauge  is  usually  to  :{IKI  jxiuudd  pressmv,  aiid  if 
a  compound  gauge  is  uswl,  it  is  imulo  to  read  to  a  vai'iium  also. 
This  liitter  is  only  needed  on  certHJii  oc-easiuns  and  frwinently- 
omitte<l  from  the  liigh-preBeuro  gauge.  Owing  to  the  nw-eaaity  of 
ceinoving  the  euntents  of  the  sytttem  at  eertain  times  and  nsnallj 
through  tho  eva|)orating  side  of  the  plant,  the  gauge  for  this 
porlion  of  the  syHfeiu  is  gradnate<I 
to  read  from  a  vaeuum  to  120  ]Hmnds 
[iressn  re. 

In  connecting  the  gauges  to  the  sys- 
tem, it  is  customary  to  locate  tho 
o(»ening  in  the  discharge  and  return 
gas  liTii-s  near  the  machine  within  th« 

0^O-:'i „n."„,itiiilil^WA  •^''ig'ue  r<K)iii,  placing  a  stop  valve  at 
^■IIII^V^  ^H  some  uoiivenient  point  and  carrj'ing 
^ — ^^^^^m^w  a  line  of  ^  or  J  inch  extra  strong 
pi  [If  to  tho  gauges,  making  the  joints 
with  tbf  usual  ammonia  unions.  On 
amount  of  the  possibility  of  leakage 
of  ammonia  gas  from  the  gauge  tul«*, 
f'        jM\\\\\     ''W       '■^        it  is  often  considered  advisable  to  fill 

U M        '  I   w    __«       the  gauge  pi]>e  with  oil  (of  the  kind 

usihI   for   lubricating   the    ammonia 
L-ompressor)  for  a  sbort  distance  above 
J.-J     -^  the  gauges.  u(H>n  wliiuh  the  pressure 

of  tho  gas  will  iK't,  causing  the  gauge 
to  movt^  projierly  but  without  allowing  the  ammonia  gas  to  enter 
the  gauge.  This  is  an  a])plicatiou  of  tho  same  principle  as  the 
steam  syphon  or  hent-pi[)e  arrangement  in  use  with  steaui  gaiig^^-s, 
for  the  purpose  of  keeping  the  beat  and  action  of  steam  from  the 
gauge  mechanism  by  the  retaining  of  water  in  the  gauge  con- 
nection. 

(Jther  gauges  used  about  the  refrigerating  [ilant  are  of  the 
ordinary  pressure  or  vacuum  ty[)e8  and  do  not  need  a  special  de- 
scription, as  their  construction  and  manner  of  applying  to  the 
different  parts  of  the  system  are  well  known  to  the  engineer.     It 
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may  be  wtll,  however,  Ui  caution  the  nser  on  tht<  importance  of 
testing  the  gauges  often  enough  In  be  Bare  they  are  accurate,  as 
seriouH  driniagea  may  result  from  a  wrong  indication  of  pressore, 

BRINE. 

Brine  ia  used  in  refrigeration  as  a  iiiedlam  for  the  transmis- 
Eion  of  heat  from  the  point  or  ohject 
to  be  itfrigeraled,  to  the  aiiimunia  or 
other  refrigerant,  and  accordingly  may 
lie  found  in  jJants  in  wliich  the  appli- 
cation 13  indirect. 

In  tlie  refrigerating  practice  of  today, 
two  kinds  of  brine  are  in  use,  chloride 
of  calcium,  and  chloride  of  Godium 
(common  salt).  Either  one  is  dissolved 
in  stater  making  a  solution  of  the 
proj>er  deneity;  it  is  then  pumped  from 
the  brine  tank  or  cooler  to  the  objects  to 
be  refrigerated,  and  returned  by  a  sys- 
tem of  ]ii|K'S  to  be  recooled  and  again 
circulated  through  the  refrigerating 
system 

Chloride  of  calcium  brine  may  be 
made  of  such  density  that  Ua  freezing 
jH>int  is — 54°  Fnhr.  (54°  below  zero) 
while  chloride  of  sodium  (salt)  brine  of 
maximum  density  or  strength  freezes 
at  0'  Fahr.  It  will,  therefore,  ]>e  seen 
that  for  very  low  temperatures  calcium 
brine  should  be  used.  For  brin<3 
coolers  in  which  the  brine  passes 
through  the  pi|H-s,  and  the  ammonia  ia 
evajiorated  on  the  ontside  with  a  tem- 
perature of  a  few  degrees  below  zero,  and  the  brine  not  in  active 
circulation,  salt  brine  would  be  frozen,  bursting  the  pipea  and 
causing  a  considerable  loss.  The  calcium  brine  may  be  made  of 
such  density  or  strength  as  to  make  thla  impossible.  It  will, 
therefore,    be  evident   tbat   for   U:te  in  connection  with   a   brine 
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cooler,  the  chloride   of  calcium   brine   is  necessarily  the  choice 
It  also  has  no  corroding  effect  on  pipes,  pumps  or  other  connec- 
tions, and  while  the  cost  is  somewhat  more  than  that  of  salt,  the 
general  advantages  are  decidedly  in  its  favor. 

For  the  brine  tank  and  coil  system  of  refrigeration  salt  brine 
may  be  safely  used,  and  is  largely  used  at  the  present  time.  The 
evaporation  of  the  ammonia,  being  within  the  jiipes,  can  only 
effect  the  freezing  of  a  small  portion  on  the  outer  surface,  and 
without  damage  to  the  plant.  As  its  temperature  may  be  reduced 
to  zero,  or  even  below  (if  circulation  be  maintained)  it  is  effective 
for  practical  purposes  wherein  the  temperature  required  is  not 
below  that  point.  The  projKjr  density,  or  strength  of  brine,  either 
calcium  or  salt  is  determined  by  the  tem|)erature  to  which  it  is 
necessary  to  be  reduced,  and  the  tables  on  pages  TD  and  80  will  be 
foimd  valuable  in  determining  the  pro|>er  strength  for  different 
requirements.  It  should  be  remembered,  however,  that  a  differ- 
ence of  from  5°  to  10^  Fahr.  exists  between  the  tem|)erature  of 
the  brine  and  that  of  the  evaporating  ammonia,  and  that  while  the 
strength  of  the  brine  may  appear  ample  for  the  temperature  at 
which  it  is  carried,  the  lower  temperature  of  the  evaporating 
ammonia  may  cause  it  to  solidify  within  or  upon  the  surface  of 
the  evaporator,  thus  causing  it  to  separate,  or  freeze,  and  act  as  an 
insulator  and  prevent  the  transmission  of  heat  through  the  surface. 
It  is,  therefore,  necessary  in  examining  into  the  strength  of  the 
brine,  to  consider  it  with  reference  to  the  evaporating  pressure  of 
the  ammonia  as  well  as  its  own  temperature. 

In  the  last  column  of  the  tables  is  given  the  gauge  pressure, 
corresponding  to  the  freezing  point  of  the  brine  of  different 
strengths. 

The  usual  and  proper  instrument  for  determining  the  strength 
of  brine  is  the  Beaume  scale,  for  chloride  of  calcium  brine.  A 
weighted  glass  tube  and  bulb  (Fig.  40)  is  graduated  0  to  100,  the 
former  being  its  floating  point  in  water  and  the  latter  the  floating 
point  in  a  saturated  solution  of  salt  brine.  By  comparison  of  the 
two  in  the  table  of  calcium  brine  it  will  be  observed  that  the  ratio 
of  the  two  scales  are  as  1  to  4  which  makes  it  possible  to  obtain 
one  from  the  other. 

In  using  the  scales  it  is  customary  to  draw  a  sample  of  the 
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brine  in  a  glass  test  tube,  rnistuir  its  temperature  to  approxtmatelv 
60°  Fahr.  and  insert  tbe  scale;  it  will  then  float  at  the  point  on  its 
scale  corresjionding  with  its  strength. 

Brine  Systems-  la  the  use  of  the  foregoing  tables  for  cal- 
cium or  salt  brine,  allowance  should  be  made  for  the  differeoce  in 
the  grades  obtained.  The  quantity  required  per  gallon,  or  cubic 
fo<»t  of  brine,  will  vary  accordingly.  Tlieaveragequantity  required 
however,  slioiild  nearly  correspond  with  the  tables. 

In  making  brine  it  ia  well  to  fit  up  a  box  with  a  perforated 
false  bottom,  or,  a  iiioi'e  readily  obtained  and  equally  effective 
mixer  may  be  made  by  taking  a  tight  barrel  or  hogshead,  into 
which  is  fitted  a  false  bottom  four  to  six  inches  above  the  bottom 
head,  and  which  is  bored  with  one-half  inch 
holes.  Over  the  false  bottom  lay  a  piece  of 
coarse  canvas  or  sack  to  prevent  Uie  salt  fall- 
ing through.  A  water  ojunection  ia  made  in 
the  side  of  the  barrel  near  the  bottom,  between 
the  bottom  head  and  the  false  bottom,  and  a 
controlling  valve  placed  nearby  to  regulate 
the  amount  of  water  passing  through.  An 
overflow  connection  ia  made  near  the  top  of 
the  cask,  with  ita  end  so  placed  that  the  brine 
will  flow  into  the  tank,  and  a  wire  screen 
jjlawd  across  its  end  inside  the  cask  with  a 


lil>eral  s^ 
allow  of  cleat) 
barrel  ia  now 
wliichdissol' 
bulk. 


between  it,  and  the  opening,  to 
iig.  See  Fig.  41.  The  cask  or 
tilled  with  the  calcium  or  salt, 

ea  and  overflows  into  the  brine 


A  test  tnbe  and  Beaume  scale,  or  salom- 
Fig.  40  ettT,    should    be  kept  at  hand,  and  frequent 

tests  made;  the  strength  may  be  regulated 
by  admitting  the  water  more  or  lesa  rapidly.  After  the  first 
charge  it  is  well  to  allow  the  mixer  to  remain  in  poaition  for 
future  requirements.  A  connection  should  be  made  from  the 
return  brine  Hue  from  the  refrigerating  system  to  the  cask,  with  a 
controlling  valve  by  the  use  of  which  the  strength  or  density  of  the 
brine  may  be  increased  without  adding  to  the  quantity,  keeping 
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the  cask  fall  of  the  calcium  or  salt,  and  allowiug  a  portion  of  the 
retOTD  flow  oF  brine  to  pass  through  the  cask,  dissolving  the  cou- 
tents  and  flowing  into  the  tank. 

Calcium  is  Dsaallj  obtained  in  sheet-irou  drums,  holding 
about  000  pounds  each;  it  is  in  the  shape  of  a  solid  cake  within 
the  drum.  It  is  advisable  to  roll  these  onto  the  floor  or  top  of 
tank  in  which  the  brine  is  to  be  made  and  pounded  with  a  sledge 
hammer  before  removing  the  iron  casing,  this  process  breaking  it 
up  into  small  pieces  witliout  its  flying  about  'tlie  room.  After 
breaking  it  up  the  shell  may  be  taken  off  and  the  contents  sbov. 
eW  into  the  mixei 


Pig  41 

It  is  also  sold  and  shipped  m  liquid  form,  in  tank  cars, 
generally  in  a  concentrated  form  (on  account  of  freight  charges) 
and  diluted  to  the  pro|R-r  point  u^>on  being  put  into  the  plant. 
Where  proper  railroad  facilities  e\ist,  this  is  probably  the  most 
desirable  way  of  obtaining  tiie  calcium 

Salt  is  sold  and  may  be  obtained  in  a  number  of  forms  The 
usual  sha|)e  for  brine  is  the  bulk,  or  lu  sacks  of  about  200  jtounds 
each.  Where  it  is  possible  to  handle  salt  in  bulk,  direct  from  the 
car  to  the  tank,  this  ia  most  generally  used  on  account  of  the 
price,  being  about  $1.00  per  ton  less  than  if  sacked.  If  it  is 
necessary  for  it  to  be  carted  or  stored  before  using,  the  sack  form 
is  preferable.  The  coarser  grades  of  salt  are  need  for  this  pur- 
pose, No.  2  Miufi  being  the  grade  commonly  used.     The  finer 
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salts  are  higher  in  price,  without  a  corresponding  increase  iu 
strength  of  the  brine  formed. 

The  proper  density  or  strength  of  the  brine  must  be  deter- 
mined for  various  temperatures.  As  a  rule  its  freezing  point  should 
be  equal  to,  or  slightly  below,  the  temperature  of  the  evaporating 
ammonia,  rather  than  the  temperature  of  the  coldest  brine,  as  is 
common.  Kef  erring  to  the  table  of  salt  brine  solution,  page  80; 
if  we  wish  to  carry  a  temperature  of  10^  Fahr.  in  the  outgoing 
brine,  it  is  necessary  that  the  temperature  of  the  evaporating  am- 
monia be  from  5"^  to  10^  degrees  below  that  point,  in  order  that 
the  transfer  of  heat  from  the  brine  to  the  ammonia  will  be  rapid 
enough  to  be  effective,  which  would  mean  that  the  ammonia  would 
be  evaporating  at  a  temperature  of  practically  O'^  Fahr.  To  pre- 
vent the  brine  freezing  against  the  walls  of  the  evaporator  its 
strength  or  density  should  be  made  to  correspond  with  this,  or 
from  95°  to  lOO""  on  the  salometer.  This  should  be  cared  for 
more  especially  in  connection  with  plants  using  the  brine  cooler,  in 
which  the  brine  is  within  the  coil,  than  in  the  brine  tank  system 
in  which  the  ammonia  is  inside  the  pipe  and  the  brine  outside; 
here  the  only  danger  or  loss  would  be  in  efficiency. 

In  examining  into  the  causes  of  failure  in  a  plant  to  perform 
its  usual  or  rated  capacity,  it  is  advisable,  unless  there  is  every 
evidence  that  the  trouble  is  elsewhere,  to  make  an  examination  of 
the  brine  and  determine  that  its  strength  and  condition  is  suited 
to  the  duty  to  be  performed. 

DIRECT  EXPANSION. 

As  its  name  would  imply,  this  system  of  refrigeration  is  one 
in  which  the  refrigerant  is  expanded  or  evaporated  in  direct  contact 
with  the  duty  to  be  performed,  without  an  intermediate  agent  for 
the  transfer  of  the  heat.  Its  application  admits  of  quite  a  variety 
of  apparatus  to  meet  the  requirements  of  refrigerating  practice,  the 
most  general  of  which  is  the  expansion  within  a  pipe  system  placed 
in  a  room  to  be  refrigerated,  or  within  or  between  a  series  of  pipes 
over  or  within  which  the  substance  to  be  refrigerated  is  passed. 

While  the  former  system  admits  of  a  variety  of  arrangements 
of  the  pipes  within  the  room  or  chamber  to  be  refrigerated,  it  is 
confined  to  the  simple  principle,  however,  of  the  evaporation  of  the 
refrigerant  within  the  pipes,  by  the  transfer  of  heat  through  the 
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walls  of  the  pipe,  thereby  rediiciiifj  tlie  temperature  in  the  room  or 
chamber  to  the  desired  point,  and  for  certain  purposes  is  a  very 
satisfactory  means  of  producing  the  desired  results.  This  is  prin- 
cipally true  with  large  rooms  in  which  the  teni[>emture  and  duty 
to  be  [lerformed  is  constant,  such  as  a  brewery,  paeking  liouae,  and 
coldntora^  rooms.  For  rooms  requiring  an  unusually  low  tem- 
perature, as  freezers  of  lish  and  ponltry,  direi-t  expansion  is  destr- 
nble,  Iiecausc  it  is  possible  to  more  nearly  reach  the  teiiijierature  of 


the  refrigerant  direct,  than  witii  an  intermediate  a^ent,  as  brine; 
this  is  due  to  the  fact  that  there  must  necesaarily  be  it  difference  of 
from  5"  to  lU'  between  the  temperatures. 

Fig.  42  illustrates  a  direct  expansion  construction  in  which  the 
liquid  anhydrous  ammonia  is  expanded  by  the  valve  or  cock  A  into 
the  coil  or  system  of  pipes  B  and  the  gne  returning  to  the  com- 
pressor through  the  pipe  ('. 

Fig.  43  represents  a  tish- freezing  room  on  either  side  of  which 
is  arranged  a  series  of  pipe  shelves,  through  which  the  ammonia  is 
evaporated.     The  £sh  are  laid  on  tin  trays  and  placed  uu  the  pipe 
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alielves  until  the  room  U  filled.  It  is  then  closed,  the  aintnoiiia 
taniod  on  and  left  until  the  freezing  Las  been  at;complisbed, 

Jt  in  &pj)arent  from  tlie  arningemenl  of  tlie  coils  l>eing  botli 
above  and  lielow  the  trays  holding  the  fiab,  and  olose  tijgtther,  tbat 
the  effei't  innst  Iw  very  rapid. 

lii  the  cotding  of  beer  or  other  liquids,  two  forms  of  apparatus 
areiiHcd:  one  (the  most  conimon),  being  a  series  of  a  2-inch  pi[>e  with 
return  benda,  standfl,  ete.,  over  whieh  the  liquid  to  be  cooled  Is  Howed 


Fig.  43. 
and  within  whieh  the  ammonia  is  evaporated,  the  product  being 
accumulated  in  au  iron  pan  or  other  receptacle  in  which  the  cool- 
ing pipes  are  placed.  In  brewery  practice  it  is  customary  to  pro- 
vide a  double  series  of  coils,  one  above  the  other,  cold  water  l>eing 
circulated  through  the  upj^er  section,  and  the  ammonia  through 
the  lower,  the  effect  of  which  is  first  to  remove  the  beat  from  the 
wort  as  far  aa  jwssible  by  the  use  oE  «ater,  and  the  remainder  of 
the  cooling  being  accomplished  by  the  evaporation  of  the  ammonia. 
This  apparatus  is  called  the  Baudelot  Cooler  and  is  illustrated  iu 
Fig.  44. 

Fig.  45  rejiresenta  a  section  of  a  double-ptpe  cooler  for  water 
or  other  liquids  and  is  similar  to  the  form  of  double-pipe  con- 
denser or  cooler  already  described.  It  vanea  only  in  the  construc- 
tion of  the  inner  tube  which  is  corrugated  to  prevent  bursting  by 
freezing,  which  becomea  possible  when  need  to  cool  a  eODgeaUble 
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liquid.  In  the  operation  of  this  type  of  cooler,  when  used  as  an 
evaporator  or  direct  expansion  cooler,  it  is  usual  to  reverse  the 
two  currents,  by  feeding  or  expanding  the  ammonia  into  the  bot- 
tom of  the  coil  the  gas  issuing  from  the  top,  while  the  liquid  to 
be  acted  upon  enters  at  the  top  of  the  coil  and  issues  from  the 
Iwttoni.  This*  type  of  cooler  is  largely  used  in  cooling  carbonated 
ale,  as  it  must  Ih3  kept  from  the  atmosphere,  and  for  cooling  drink- 
ing water  in  circulating  systems  now  installed  in  hotels,  office 
buildings  and  department  stores. 

Purgins^  and  Pumping  out  Connection.  A  common  cause  of 
failure  to  operate  properly  and  effectively  is  the  introduction  of 
some  foreign  substance  into  the  system.  This  will  be  readily 
understood  and  appreciated  by  engineers  and  those  familiar  with 
the  requirements  of  a  steam  boiler.  Clean  surfaces  on  the  shell 
or  tubes  are  necessary  for  the  maximum  evaporation  of  water,  or 
the  transfer  of  heat  through  the  walls  of  pipe  or  other  forms  of 
heat- transmitting  surface.  The  most  common  difficulty  encoun- 
tered in  a  refrigerating  plant  is  oil,  either  in  its  natural  condition, 
or  saponified  by  contact  with  the  ammonia,  water  or  brine.  It 
enters  the  system  in  many  ways:  through  leakage,  condensation  in 
blowing  out  the  coils  or  system,  foreign  gas  arising  from  decom- 
position  of  the  ammonia  through  excessive  heat  and  pressure,  or 
the  mingling  of  air  which  may  enter  the  system  through  pumping 
out  below  atmospheric  pressure  or  the  air  may  have  remained  in 
the  system  from  the  time  of  charging,  never  having  been  fully 
removed.  It  is  also  probable,  though  hard  to  determine  with  cer- 
tainty owing  to  the  various  conditions  surrounding  the  operation  of 
plants,  that  impurities  are  introduced  with  the  ammonia,  either  as  a 
liquid,  gas  or  air  which  afterwards  becomes  impossible  to  condense. 

The  oil  in  a  system  forms  a  covering  or  coating  on  the  evap- 
orating surface  which  acts  as  an  insulation  and  prevents  the  ready 
transfer  of  heat  through  the  walls  of  the  evaporator.  The  pres- 
ence of  water  or  brine  causes  an  absorption  of  a  portion  of  the 
ammonia  into  the  water  or  brine,  forming  aqua  ammouia  which 
raises  the  boiling  point  of  the  ammonia  and  causes  material  loss  in 
the  duty.  Air  or  other  non  -condensable  gas  in  the  system,  excludes 
an  equal  volume  of  the  ammonia  gas,  thereby  reducing  the  avail- 
able  condensing  surface  in  that  proportion. 
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For  the  {mr|H»te  of  cleaning  tliti  system  and  reinoviag  the 
ilitferent  iiripnrilieB  which  may  apjtear,  jmrge  mid  Itlow-off  valves 
and  connections  are  provided.  One  of  tht-ao  h  fjhicwl  at  or  near 
the  bottom  of  tho  oil  interceptor,  which  is  located  between  the 


compressors  and  the  condenfier;  it  is  used  to  draw  off  the  oil  nsed 
as  a  lubricant  in  the  compressor  and  precipitated  to  the  bottom. 
This  oil  should  not  be  allowed  to  accuniitlate  to  any  great  extent 
an  it  may  be  carried  forwartl  lo  the  condenser  by  the  current  of 
the  gas. 
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If  the  liquid  ammonia  receiver  be  placed  in  a  vertical  position 
it  is  customary  to  place  a  purge  valve  in  the  bottom  for  drawing 
off  oil  or  other  imparities.  The  supply  of  liquid  to  the  evaporator 
being  taken  off  at  a  short  distance  above  the  bottom  say  4  to  6 
inches. 

The  next  point  for  the  removal  of  impurities  is  at  the  bottom 
of  the  brine  cooler,  or  lowe*  manifold  of  the  coil  system  in  a  brine* 
tank  refrigerator.  These  may  be  tried  as  often  as  necessary  to 
determine  the  state  of  cleanliness  of  the  system.  If  the  system  is 
charged  with  any  of  the  common  impurities,  they  should  be  blown 
out  and  the  system  cleansed  at  the  earliest  possible  moment,  as 
they  cause  a  decided  loss. 

Air  or  foreign  gases  accumulate  in  the  condenser  because  the 
constant  pumping  out  of  the  evaporating  system  tends  to  remove 
them  from  that  part  of  the  system  to  the  condenser.  This  point, 
therefore,  is  the  most  natural  place  for  their  removal.  For  this 
pur{K)8e  it  is  customary  on  the  best  condensers  to  place  a  header  or 
manifold  at  the  top  at  one  end,  and  connect  each  of  the  sections  or 
banks  with  a  valved  opening.  A  valve  is  also  placed  at  each 
end  of  the  header,  and  a  connection  from  one  end  of  this  header 
made  to  the  return  gas  line  between  the  evaporator  and  the  com- 
pressors. By  closing  the  stop  valves  on  the  gas  inlet  and  liquid 
outlet  of  any  one  of  the  sections  and  opening  the  purge  or  pump* 
ing-out  line  into  the  gas  line  to  the  compressors,  the  section  or 
bank  may  be  emptied  of  its  contents  for  repairs  or  examination 
and  then  connected  up  and  put  into  service  without  shutting  down 
the  plant,  or  a  material  loss  of  ammonia.  For  purging  of  air  or  gas, 
the  valve  should  be  closed  between  this  header  and  the  machine, 
and  the  valve  on  the  opposite  end  opened  to  the  atmosphere,  the 
valves  on  each  section  opened  slightly  in  turn  while  the  foreign 
gases  are  expelled.  This  process  should  not  be  used  while  tiie 
compressor  is  in  operation,  as  the  discharge  of  the  ammonia  into 
the  condenser  would  keep  the  gas  churned  to  the  extent  that  it 
would  become  impossible  to  remove  the  foul  gases,  without  remov- 
ing  a  considerable  portion  of  the  ammonia  also. 

For  this  reason  it  is  customary  before  blowing  off  the  con* 
denser  to  stop  the  compressor  and  allow  the  water  to  flow  over  the 
tondenser  until  it  is  thoroughly  cooled.     Sufficient  time  should 
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elapse  for  the  ammonia  to  liquefy  and  settle  towards  the  bottom, 
while  the  air  and  lighter  gases  rise  to  the  top,  at  which  point  they 
may  be  blown  out  through  the  purge  valve  to  the  atmosphere.  If 
doubt  exists  as  to  whether  ammonia  or  impurities  are  being  blown 
out  attach  a  piece  of  hose  to  the  end  of  the  purge  valve  and  im- 
merse its  other  end  in  a  pail  of  water.  If  it  is  air,  bubbles  will 
rise  to  the  surface,  while  if  it  is  ammonia,  it  will  be  absorl)ed  into 
the  water;  the  mingling  of  the  ammonia  with  the  water  will  cause 
a  crackling  sound,  and  the  temperature  of  the  water  will  increase 
owing  to  the  chemical  action. 

TESTING  AND  CHARQINQ. 

Having  described  the  different  parts  of  the  refrigerating  plant 
and  their  relations  to  one  another,  let  us  consider  the  process  of 
testing  and  charging,  or  introducing  the  ammonia  into  the  system. 
After  the  connections  are  made  between  the  different  parts,  whether 
the  system  is  brine  or  direct  expansion,  it  is  necessary  to  introduce 
air  pressure  into  it  to  determine  the  state  of  the  joints.  This  may 
be  done  in  sections  or  altogether.  It  is  customary,  however,  to  put 
a  higher  pressure  on  the  compression  side  of  the  plant  than  on  the 
evaporator  owing  to  the  difference  in  the  pressure  carried  in  opera- 
tion. Adjacent  to  each  compressor  is  placed  a  main  stop  valve,  on 
both  the  inlet  and  outlet  sides,  while  on  either  side  of  these  it  is 
customary  to  place  a  by-pass  or  purge  valve. 

Before  starting  the  compressor,  the  main  stop  valve  or  valves 
(if  there  be  two)  on  the  inlet  or  evaporating  side  of  the  compressor, 
is  closed,  the  small  valve  between  the  compressor  and  the  main 
stop  valve  opened,  and  all  of  the  other  valves  on  the  system  opened 
except  those  to  the  atmosphere.  The  compressor  may  then  be 
started  slowly,  air  being  taken  in  through  the  small  by-pass  valves 
and  compressed  into  the  entire  system.  It  is  well  to  raise  a  few 
pounds  pressure  on  the  entire  system,  before  admitting  water  into 
the  compressor  water  jackets  or  other  parts  of  the  system,  because 
if  a  joint  were  improperly  made  up,  it  would  be  possible  for  the 
water  to  enter  the  compressors,  or  coils  of  the  condenser  or  evap- 
orator, and  serious  damage  or  loss  of  efficiency  in  the  plant  occur 
which  it  might  be  impossible  to  loca'^  afterwards.  While  if  pres- 
sure exists  within  the  system  when  the  water  is  admitted,  its 
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entrance  into  the  coils  or  system  is  impossible  while  the  pressure 
exists,  and  the  leak  is  at  once  visible,  and  may  be  remedied  before 
proceeding  farther. 

In  starting  the  test  it  is  also  well  to  try  the  two  pressure 
gauges  and  see  that  they  agree  as  to  graduation,  as  it  has  occurred 
that  owing  to  a  leakage  between  the  discharge  pipe  and  the  high 
pressure  gauge,  an  enormous  pressure  has  been  pumped  into  the 
system  causing  it  to  explode,  resulting  in  loss  of  life  and  property. 
If,  however,  the  pressures  are  found  to  be  equal  on  the  two  gauges 
it  is  safe  to  assume  that  they  are  recording  proj)erly  and  their  con- 
nections are  tight.  After  these  preliminaries  it  is  safe  to  put  an 
air  pressure  of  300  |)ounds  on  the  compression  side  of  the  plant, 
care  being  taken  to  operate  the  compressor  slowly,  not  raising  the 
temperature  of  the  compressed  air  too  much,  as  with  the  utmost 
care  in  making  up  joints  and  in  selecting  material,  certain  weak- 
nesses may  exist,  and  under  such  high  pressure  it  is  well  to  proceed 
with  caution. 

After  the  desired  pressure  has  been  reached,  the  entire  system 
should  be  gone  over  repeatedly  until  it  is  absolutely  certain  that  it 
is  tight.  Parts  which  can  be  covered  with  water,  such  as  a  sub- 
merged foriu  of  condenser  or  brine  tank  with  evaporating  coils, 
should  be  so  covered  that  the  entire  surface  may  be  gone  over  at  once 
and  with  almost  absolute  certainty.  The  slightest  leakage  will 
cause  air  bubbles  to  ascend  to  the  surface;  they  may  be  traced  by 
allowing  the  water  to  flow  from  the  tank  while  the  air  pressure  is 
still  on  the  coils  or  system,  watching  the  points  where  it  stops  and 
marking  them,  to  be  taken  up  or  repaired  when  empty.  For  parts 
which  cannot  be  covered  with  water,  it  is  customary  to  apply  with 
a  brush  a  lather  of  such  consistency  that  it  will  not  run  off  too 
readily;  upon  coming  in  contact  with  a  leak,  soap  bubbles  are 
formed,  and  by  tracing  to  the  starting  point  the  leak  may  Ix)  located. 
After  the  compression  system  has  been  subjected  to  a  pressure  of 
300  pounds  and  found  to  be  tight,  the  air  maybe  admitted  through 
the  liquid  ammonia  pipe  to  the  evaporating  side  of  the  plant,  care 
being  taken  that  the  pn^jsure  does  not  rise  above  the  limit  of  the 
gauge  which  as  previously  seated  is  usually  120  pounds  and  the 
same  process  of  testing  ^s  applied  to  the  opposite  side  of  the  plant 
gone  over. 
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Many  engineers  require  the  Tacnnm  test  as  well  as  the  fore- 
goings  and  although  if  the  former  is  gone  over  thoroughly,  there  can 
be  little  chance  of  leakage  afterwards,  it  is  better  to  be  over-exacting 
than  otherwise  in  the  matter  of  testing  and  preparation  of  the  plant, 
thus  preventing  tlie  possibility  of  leaks  that  may  prove  disas- 
trous. Open  the  main  stop  valves  on  the  inlet  line  and  close  the 
main  valves  above  the  compressor  on  the  discharge  line,  closing 
the  by-pass  valves  in  the  suction  line,  and  opening  those  in  the 
discharge  line  between  the  main  stop  valve  and  the  compressor. 
Have  all  the  other  valves  on  the  system  o|)en  as  before  for  testing. 
Starting  the  compressor  draws  in  the  air  filling  the  system  through 
the  compressor  and  discharging  it  at  the  small  valve  left  open. 
Assuming  the  system  to  be  tight,  continuing  the  operation  will 
finally  exhaust  the  air  (or  nearly  so),  when  the  small  valves  should 
be  closed  and  the  pressure  gauges  watched  to  determine  whether  or 
not  leakage  exists. 

Assuming  that  the  system  and  appai-atus  is  tight  in  every 
particular  and  that  it  is  otherwise  ready  to  be  placed  in  operation, 
we  are  now  ready  to  charge  the  ammonia  into  the  plant. 

If  the  air  has  been  exhausted  from  the  system  in  testing,  this 
usual  step  need  not  be  taken  before  charging,  and  it  is  only  neces- 
sary to  put  the  machine  in  proper  condition  to  resume  the  pump- 
ing of  the  gas,  and  attach  a  cylinder  of  ammonia  to  the  charging 
valve  to  enable  the  refrigeration  to  be  commenced.  The  main 
stop  valves  above  the  compressor  which  were  closed  in  expelling 
the  air  should  now  be  opened  and  by-pass  and  other  valves  to  the 
atmosphere  closed.  Close  the  outlet  valve  from  the  ammonia 
receiver  and  start  the  machine  slowly,  at  the  same  time  opening 
the  feed  valve  between  the  drum  of  ammonia  and  evaporator. 
The  anhydrous  liquid  ammonia  will  flow  into  the  evaporator 
through  the  regular  supply  pij)e,  the  gas  resulting  from  evapora- 
tion being  taken  up  by  the  compressors  and  discharged  into  the 
condenser  and  finally  settling  down  into  the  receiver,  when  a 
sufficient  quantity  has  been  introduced  to  form  a  supply  there. 
Upon  closing  the  valves  between  the  drum  from  which  the  sup- 
ply is  being  drawn,  and  opening  the  outlet  valve  from  the  re. 
ceiver,  the  process  of  refrigeration  by  the  compression  system  is 
regularly  in  operation. 
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OPERATION  AND  MANAGEMENT  OF  THE  PLANT. 

Assuming  that  the  plant  has  been  properly  erected,  testedi 
and  charged  \yith  ammonia  of  a  good  quality,  and  (if  a  bnne  system) 
with  brine  of  proper  strength  or  density,  as  already  explained,  it 
only  remains  to  keep  the  system  or  plant  in  that  condition.  As  all 
forms  of  mechanism  are  liable  to  disarrangement  and  deterioration 
from  various  causes,  repairs  and  corrections  from  time  to  time 
must  l)e  made  to  keep  them  in  good  condition.  Let  us  now  consider 
the  most  important  points  requiring  attention. 

It  is  absolutely  necessary  for  the  good  working  of  any  type  of 
plant  or  apparatus  that  it  be  kept  clean.  As  a  steam  boiler  mast 
be  clean  to  obtain  the  full  benefit  of  the  fuel  consumed,  so  must 
the  surfaces  of  the  condenser  and  evaporator  be  clean  to  obtain  the 
proper  results  from  the  condensing  water  and  evaporation  of  the 
ammonia  or  other  refrigerant. 

For  satisfactory  work  the  sjstem  should  be  purged  of  any 
foreign  element  present  in  the  pipes,  such  as  air,  water,  oil,  or 
brine.  Foreijfu  matter  is  the  most  common  amoncr  internal  causes 
for  loss  of  elHciency,  and  the  valved  openings  which  have  been 
shown  and  described  should  be  used  for  cleaning  the  system. 

Oil  is  used  as  a  lubricant  in  nearly  if  not  quite  all  compres- 
sors, and  the  quantity  should  be  the  least  amount  that  will  lubri- 
cate the  surfaces  and  prevent  undue  wear.  This  is  considerably 
less  than  the  average  engineer  is  inclined  to  think  necessary,  and 
conseijuently  a  coating  forms  on  the  walls  of  the  pipes  or  other 
surfaces  of  the  condensing  or  evaporating  systems,  and  a  propor- 
tionate  decrease  in  the  duty  obtained.  It  is  also  necessary  that  the 
oil  be  of  such  a  nature  that  it  is  not  saponified  by  contact  with  the 
ammonia.  Such  a  change  would  choke  or  clog  the  pipes,  coating 
their  surfaces  with  a  thick  paste  which  causes  a  corresponding  loss 
as  the  amount  increases.  The  purge  valve  in  the  bottom  of  the  oil 
interceptor  may  be  opened  slightly  about  once  each  week,  and  the 
oil  discharged  from  the  compressors  drawn  off  into  a  pail  or  can, 
unless  a  I)Iow-off  reservoir  is  provided.  After  the  gas  with  which 
it  is  charged  has  escaped,  the  oil  should  be  practically  the  same  as 
when  fed  into  the  compressors.  If,  however,  the  oil  is  not  of  the 
proper  quality  it  will  remain  thick  and  pasty,  or  gummy,  showing 
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it  to  have  been  affected  by  the  ammonia.  Its  use  should  not  be 
continued. 

By  opening  the  purge  valves,  which  are  usually  provided  at 
the  bottom  manifold  or  header  of  the  brine  tank  and  the  bottom 
head  of  the  brine  cooler,  oil  or  water,  if  any  be  in  that  part  of  the 
system,  may  be  drawn  off.  These  valves,  however,  should  not  be 
opened  unless  there  is  some  pressure  in  that  part  of  the  system,  as 
air  would  be  admitted  if  the  pressure  within  the  apparatus  is 
below  that  of  the  atmosphere.  Air  may  enter  the  system  through 
a  variety  of  causes  and  its  presence  is  attiended  with  higher  con- 
densing pressure  and  a  falling  off  in  the  amount  of  work  performed. 
For  the  removal  of  air  from  the  apparatus  a  purge  valve  is  placed 
at  the  highest  point  in  the  condenser  or  discharge  pipe  from  the 
compressors  near  the  condenser,  which  may  be  tried  when  the 
presence  of  air  or  foreign  gases  is  suspected.  This  should  be  done 
after  the  compressor  has  been  stopped.  When  the  condenser  has 
fully  cooled  and  the  gases  separated,  a  small  rubber  hose  or  pi|)e 
may  be  carried  into  a  pail  of  water  and  the  purge  valve  or  valves 
slightly  opened.  If  air  or  other  gases  exist  in  the  system  bubbles 
will  rise  to  the  surface  of  the  water  so  long  as  it  is  escaping,  while, 
if  ammonia  is  being  blown  off,  it  will  be  absorbed  in  the  water 
and  not  rise  to  the  surface. 

To  prevent  the  possibility  of  air  getting  into  the  system,  the 
evaporating  pressure  should  never  be  brought  below  that  of  the 
atmospheric,  or  0^  on  the  gauge,  as  at  such  times,  with  the  least 
leakage  at  any  point,  it  is  sure  to  enter.  Should  it  become  neces- 
sary to  reduce  the  pressure  below  that  point,  it  is  well  first  to 
tighten  the  compressor  stufiing  boxes  and  allow  the  pressure  to 
remain  below  0°  only  the  shortest  possible  time  as  not  only  air 
may  enter,  but  if  it  be  the  brine  system  and  a  leak  exists,  brine 
also  will  be  drawn  in. 

From  the  foregoing  it  is  evident  that  in  order  to  obtain  satis- 
factory  results,  the  interior  of  the  system  must  be  kept  clean  by 
purging  at  the  different  points  provided  for  this  purpose;  and  it 
need  only  be  added  in  this  connection,  that  when  the  presence  of 
oil  or  moisture  becomes  apparent  in  any  quantity,  the  coils  or 
other  parts  should  be  disconnected  and  blown  out  with  steam 
until  thoroughly  clean  and  afterwards  with  air  to  make  certain 
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that  condensation  from  the  steam  does  not  remain,  after  which  the 
parts  may  again  be  connected  and  tested  ready  for  operation. 

If  the  plant  be  a  brine  system  it  is  necessary  that  the  brine 
be  maintained  at  a  proper  strength  or  density  to  obtain  satisfac- 
tory  results,  for  if  it  becomes  weakened  it  freezes  on  the  surfaces 
of  the  pij)es  or  evaporator,  acting  as  an  insulator  and  preventing 
the  rapid  transmission  of  heat  through  the  walls. 

Frequently  the  engineers  or  owners  in  looking  about  for  the 
cause  of  a  falling  off  ii^  the  ca|)acity  of  a  plant,  overlook  the  fact 
lliat  the  strength  of  the  brine  is  the  sole  difficulty,  and  the  addi- 
tion of  salt  or  chloride  of  calcium  is  a  remedy.  Referring  to  the 
tables  of  brine  solutions,  there  should  be  no  difficulty  in  determin- 
ing the  proj)er  strength  of  the  brine  for  the  different  temperatures 
at  which  the  plant  may  be  operating;  but  as  already  stated,  this 
should  l)e  made  to  correspond  to  the  temperature  of  the  evaporat- 
ing ammonia  rather  than  the  temj)erature  at  which  the  brine  may 
be  handled. 

It  is  of  great  importance  to  kno,w  at  all  times  whether  or  not 
the  gas  taken  into  the  compressors  is  fully  discharged  into  the 
condenser,  as  the  slightest  loss  at  this  point  is  certain  to  make 
itself  felt  in  the  operation  of  the  plant.  The  compressor  or  valves 
leldoiu  need  be  taken  apart  to  determine  their  operation.  The 
engineer  should  be  able  to  discern  the  slightest  change  in  tem- 
perature from  the  normal,  when  the  compressors  are  working  at 
their  best,  by  placing  the  hand  on  the  inlet  and  outlet  pipes  or  the 
lower  part  of  the  compressors.  Should  the  inlet  pipe  to  one  com- 
pressor be  warmer  than  that  to  the  other  (of  a  J)air),  or  the  frost  on 
the  pi|)e  from  the  evaporator  reach  nearer  one  compressor  than  the 
other,  it  is  then  certain  that  the  one  with  the  higher  temperature, 
or  from  which  the  frost  is  farthest,  is  not  working  properly  or 
doing  as  much  duty  as  the  other,  and  it  is  ecpially  certain  that 
some  condition  exists  which  prevents  the  complete  filling  and  dis- 
charge  of  its  contents;  possibly  it  has  more  clearance  or  leaky 
valves. 

The  most  common  difficulties  experienced  with  ammonia  con- 
densers are  those  of  keeping  the  external  surfaces  clean  and  free 
from  deposits^  and  preventing  the  accumulation  of  air  or  foreign 
gases  within.     Deposits  on  the  surface  are  usually  of  two  kinds,  one 
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jiiiich  remains  soft  and  may  be  washed  off  with  a  brush  or  wire 
3craper  such  as  is  used  for  cleaning  castings  in  a  foundry,  the  other 
a  hard  deposit  which  must  be  loosened  with  a  hammer  or  scraper.  It 
is  hardly  necessary  to  explain  in  detail  the  methods  employed  in 
cleaning  the  condenser  as  this  is  a  matter  that  each  engineer  will  be 
able  to  accomplish  in  his  own  way.  It  should  not,  however,  be 
overlooked,  and  with  a  condensing  pressure  higher  than  ordinary, 
this  should  bo  the  first  point  to  be  examined  after  the  water  sup])ly. 

Air,  or  foreign  gases  due  to  decomposition  of  the  -ammonia  or 
other  causes  find  their  way  into  the  condenser  and  make  them- 
selves manifest  generally  in  a  higher  condensing  pressure,  or  a 
falling  off  in  the  duty  to  be  obtained  from  the  plant.  They  should 
be  blown  off  through  the  purge  valve  at  the  top  of  the  condenser 
in  the  manner  already  described. 

It  is  possible,  through  leakage  of  the  coils  or  other  parts  of  the 
apparatus,  that  the  ammonia  may  become  mixed  with  brine  or 
water,  thereby  retarding  its  evaporation  and  interfering  with  the 
proper  or  usual  operation  of  the  plant.  If  this  is  sus])ected,  a 
sample  may  be  drawn  off  into  a  test  glass  through  the  charging 
valve  or  purge  valve  of  the  brine  tank  or  ammonia  receiver,, and 
allowed  to  evaporate,  in  which  case  the  water  or  brine  will  remain 
in  the  glass  and  the  relative  amount  be  determined.  Through 
careful  evaporation,  and  continued  purging  of  the  evaporator  at 
intervals,  this  may  in  time  be  eliminated,  and  care  should  be 
taken  to  prevent  future  recurrence. 

Loss  of  ammonia  should  be  constantly  guarded  against.  It  is 
watchfulness  which  determines  between  a  wasteful  and  an  econom- 
ical plant  in  this  particular,  and  the  engineer  who  allows  the 
slightest  smell  of  ammonia  to  exist  about  the  plant  is  certain  to  be 
confronted  with  excessive  ammonia  bills;  while  he  who  is  constantly 
on  the  alert  and  never  rests  until  bis  plant  is  as  free  from  the 
smell  of  ammonia  as  an  ordinary  engine  room,  will  be  referred  to 
as  the  one  who  ran  such  and  such  a  plant  without  addition  of  more 
ammonia  for  so  many  years. 

The  escape  of  ammonia  into  the  atmosphere  is  readily  de- 
tected; but  where  a  leakage  occurs  in  a  submerged  condenser, 
brine  tank  or  brine  cooler  it  is  necessary  to  examine  the  surround- 
ing liquid  to  determine  whether  or  not  it  exists.    For  this  purpose 
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various  agents  are  employed,  and  may  be  obtained  of  druggists  or 
from  the  manufacturers  of  ammonia.  Red  Litmus  paper  when 
dipped  into  water  or  brine  contaminated  with  ammonia  will  turn 
blue.  Nessler's  solution  causes  the  affected  water  to  turn  yellow 
and  brown,  while  Phenolphthalen  causes  a  bright  pink  color  with 
the  slightest  amount  of  ammonia  present. 

The  stopping  of  a  leakage  of  ammonia  in  thel)rine  tank  or 
cooler  may  be  possible  while  the  plant  is  in  operation,  by  shutting 
off  the  coil  in  which  it  occurs,  or,  if  the  point  is  accessible  a 
clamp  and  gasket  may  be  put  in  place  temporarily. 

PROPORTION  BETWEEN  THE  PARTS  OF  A  RBPRIQER- 

ATING  PLANT. 

There  is  necessarily  a  certain  ratio  or  proportion  between  the 
several  parts  of  a  refrigerating  plant,  as  there  is  between  the 
boiler,  engine,  and  parts  of  a  steam  or  power  plant,  in  order  to 
obtain  the  most  economical  results.  It  is  first  necessary  that  the 
evaporator  be  provided  with  heat-transmitting  surface  sufficient  to 
conduct  284,000  B.  T.  U.  from  the  brine  to  the  ammonia,  for 
each  ton  of  refrigeration  to  be  performed.  Without  going  into  a 
theoretical  calculation  of  this  amount,  we  shall  state  in  both  lineal 
feet  of  pipe  and  square  feet  of  pipe  surface  the  commercial  sizes 
and  amounts  ordinarily  in  use. 

The  coil  surface  in  a  brine-tank  system  of  refrigeration,  should 
contain  a])proximately  50  sqnare  feet  of  external  pipe  surface,  to 
each  ton  in  refrigerating  capacity  of  the  plant,  when  it  is  to  be 
operated  at  a  temperature  of  15°  Fahr.  This  is  an  ample  allow- 
ance and  will  be  found  under  general  working  conditions  to  give 
readily  the  re(|uired  capacity.  While  tests  have  been  made  in 
which  40  square  feet  of  pipe  surface  has  been  found  sufficient  for 
one  ton  of  refrigeration,  it  will  be  safer  to  use  the  former  amount, 
owing  to  the  varied  conditions  under  which  a  plant  may  be  oper- 
ated. This  would  amount  in  round  figures  to  150  linear  feet  of 
1-inch  pi()e,  115  feet  of  IJ-inch,  100  feet  of  li-inch,  or  80  feet  of 
2-inch  pipe. 

The  brine  tank  should  contain  from  40  to  60  cubic  feet  (de- 
pending on  the  amount  of  storage  capacity  desired)  for  each  ton  in 
capacity  of  the  plant.     The  brine  cooler  should  contain  12  square 
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feet  of  external  pipe  surface  for  each  ton,  from  which,  in  comparison 
with  the  amount  required  for  the  brine-tank  system,  the  statements 
regarding  the  relative  efficiency  of  the  two  methods  of  cooling  brine 
may  be  more  readily  understood.  This  amount  of  surface  would 
practically  correspond  to  35  linear  feet  of  1-inch  pipe,  28  feet  of 
IJ-inch,  25  feet  of  lA-inch  or  19  feet  of  2-inch  pipe.  The  shell  of 
the  cooler  is  made  sufficiently  large  to  contain  only  the  number  of 
coils  necessary,  there  being  no  advantage  in  a  larger  shell. 

The  submerged  type  of  ammonia  condenser  should  contain 
approximately  35  square  feet  of  external  surface  which  nearly  cor- 
responds  to  100  linear  feet  of  1-inch  pipe,  80  feet  of  IJ-inch,  70  feet 
of  li-inch  and  5G  feet  of  2-inch  pipe. 

The  atmospheric  type  of  condenser  should  contain  30  square 
feet  of  external  pipe  surface  which  corresponds  to  87  linear  feet 
of  1-inch  pipe,  69  feet  of  IJ-inch,  CO  feet  of  1^-inch  and  48  feet 
of  2-inch  pipe. 

The  double-pipe  type  of  condenser,  as  usually  rated,  contains 
7  square  feet  of  external  pipe  surface  for  the  water  circulating  pipe 
and  about  10  square  feet  of  internal  surface  of  the  outer  pipe  and 
corresponds  to  approximately  20  linear  feet  each  of  1^-inch  and 
2- inch  sizes  for  each  ton  of  refrigerating  capacity. 

The  above  quantities  are  based  on  a  water  supply  of  average 
temperature  (60°)  and  quantity.  In  cases  of  a  limited  supply  or 
higher  temperature  than  ordinary,  a  greater  amount  should  be  used. 

The  ammonia  compressor  should  be  of  such  dimensions  that 
it  will  take  away  the  gas  from  the  brine  cooler,  evaporating  coils, 
or  system,  as  rapidly  as  formed  by  the  evaporation  of  the  liquid 
ammonia,  and  unless  the  temperature  at  which  the  plant  is  to  be 
operated  be  known,  it  is  impossible  to  determine  the  volume  of 
gas  to  be  handled  and  the  necessary  sizes  of  the  compressor. 

As  stated  before,  the  unit  of  a  refrigerating  plant  is  usually 
expressed  in  tons  of  refrigeration  equal  to  284,000  B.  T.  U.  Up 
to  the  present  time,  however,  a  standard  temperature  at  which 
this  duty  shall  be  performed  has  never  been  established,  and 
therefore  the  rating  of  a  machine,  evaporator,  or  condenser  by 
tonnage  is  a  merely  nominal  one  and  misleading  to  the  purchaser, 
a  range  of  as  great  as  50  per  cent  very  often  existing  in  the 
tenders  for  certain  contracts.    Upon  the  basis,  however,  of  the 
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average  temperature  required  of  the  refrigerating  apparatus  that 
of  15*^  Fabr.  is  probably  the  mean;  and  at  this  temperature  in  the 
outgoing  brine,  it  is  necessary  to  take  away  from  the  evaporator 
nearly  7,000  cubic  inches  of  gas  per  minute  for  each  ton  of 
refrigeration  developed  in  twenty-four  hours.  This  may  be  con- 
sidoied  as  a  fair  basis  for  the  rating  of  the  displacement  of  the 
coinjjressor  or  compressors  of  the  plant,  unless  a  specific  temj»era- 
ture  is  stated  at  which  the  plant  is  to  operate.  At  0^  Fahr.  it  is 
necessary  to  calculate  on  approximately  9,000  cubic  inches,  while 
at  28^  Fahr.  al)out  5,000  will  be  the  required  amount. 

For  example,  if  we  have  two  single  acting  compressors  12 
inches  diameter  by  24  inches  stroke  operating  at  70  revolutions 
per  minute,  we  would  have  113.09  (inches,  area  of  12-inch  circle) 
X  24  (inches  stroke)  X  2  (number  of  compressors)  X  70  (revolu- 
tions)  -:-  7,000  (cubic  inches  displacement  required)  =  54.28  (tons 
refrigeration  per  24  hours  of  operation),  while  if  the  same  machine 
is  to  be  operated  at  or  near  a  temperature  of  zero  and  we 
divide  the  ])roduct  by  9,000  we  have  a  capacity  of  42.22  tons  only 
in  the  same  length  of  time.  The  al>ove  quantities  are  given  as 
approximate  only,  but  they  have  been  deiluced  from  the  average 
results  obtained  from  years  of  practice  and  will  bo  found  reliable 
under  average  conditions.  It  is  to  be  ho|)ed,  however,  that  a 
standard  will  soon  l>e  adopted  which  will  rate  machines  or  plants 
by  cubic. inches  displacement  at  a  certain  number  of  revolutions 
or  a  stateil  ])iston  P])eed,  and  the  cooling  of  a  certain  number  of 
gallons  of  brine  per  minute  through  a  certain  range  of  tem- 
perature. 
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Thermometer  Scales. 


Fahr. 

Cent. 

Rean. 

Fahr. 

Cent. 

Reau. 

Fahr. 

Cent. 

Rean. 

212 

100 

80 

120 

48.9 

89.1 

30 

—  1.1 

—  0.9 

210 

98.9 

79.1 

118 

47.8 

38.2 

28 

—  2.2 

—  1.8 

208 

97.8 

78.2 

116 

46.7 

87.3 

26 

—  8.3 

—  2.7 

206 

96.7 

77.8 

114 

45.6 

86.4 

24 

—  44 

—  8.6 

204 

95.6 

76.4 

112 

44.4 

85.6 

22 

—  5.6 

—  44 

202 

94.4 

75.6 

110 

43.3 

84.7 

20 

—  67 

—  5.8 

200 

98.3 

74.7 

108 

42.2 

88.8 

18 

—  7.8 

—  6.2 

198 

92.2 

73.8 

106 

41.1 

82.9 

16 

—  8.9 

—  7.1 

196 

91.1 

72.9 

104 

40 

82 

14 

—10 

—  8 

194 

90 

72 

102 

3a9 

81.1 

12 

— n.i 

—  89 

192 

88.9 

71.1 

100 

37.8 

30.2 

10 

—12.2 

—  9.8 

190 

87.8 

70.2 

98 

36.7 

29.3 

8 

—13.3 

—10.7 

188 

86.7 

69.3 

96 

85.6 

2a4 

6 

—44.4 

—11.6 

186 

85.6 

68.4 

94 

84.4 

27.6 

4 

—15.6 

—12.4 

184 

84.4 

67.6 

92 

38.3 

26.7 

2 

—16  7 

—13.8 

182 

88.3 

66.7 

90 

32.2 

25.8 

0 

—17.8 

—14  2 

180 

82.2 

65.8 

88 

81.1 

24.9 

—  2 

—18.9 

—15.1 

178 

81.1 

64.9 

86 

80 

24 

—  4 

—20 

—16 

176 

80 

64 

84 

28.9 

2ai 

—  6 

—21.1 

—16.9 

174 

78.9 

63.1 

82 

27.8 

22  2 

—  8 

—22.2 

—17.8 

172 

77.8 

62.2 

80 

267 

21.8 

—10 

—23  3 

—18.7 

170 

76.7 

61.3 

78 

25.6 

20.4 

—12 

—24.4 

—19.6 

168 

75.6 

60.4 

76 

24.4 

19.6 

—14 

—25.6 

—20.4 

166 

74.4 

59.6 

74 

2a8 

18.7 

—16 

—26.7 

—21.8 

164 

73.8 

58.7 

72 

22.2 

17.8 

—18 

—27.8 

—22.2 

162 

72.2 

57.8 

70 

21.1 

16.9 

—20 

—28.9 

—28.1 

160 

71.1 

56.9 

68 

20 

16 

—22 

—80 

—24 

158 

70 

56 

66 

18.9 

15.1 

—24 

—81.1 

—24.9 

156 

68.9 

55.1 

64 

17.8 

14.2 

26 

—82.2 

—25.8 

154 

67.8 

54.2 

62 

16.7 

13.3 

-28 

—88.3 

—26.7 

152 

66.7 

53.3 

60 

15.6 

12.4 

—80 

—84.4 

—27.6 

150 

65.6 

52.4 

58 

144 

11.6 

—82 

—85.6 

—28.4 

148 

64.4 

51.6 

56 

18.3 

10.7 

—84 

—86.7 

—29.8 

146 

6a3 

50.7 

54 

12.2- 

9.8 

—86 

—87.8 

—80.2 

144 

62.2 

49.8 

52 

11.1 

8.9 

—38 

—88.9 

—81.1 

142 

61.1 

48.9 

AO 

10 

8 

—40 

-40 

—32 

140 

60 

48 

48 

8.9 

7.1 

—42 

411 

—82.9 

188 

58.9 

47.1 

46 

7.8 

6.2 

—44 

—42.2 

—88.8 

136 

57.8 

46.2 

44 

6.7 

5.8 

—46 

—43.3 

—847 

184 

56.7 

45.3 

42 

6.6 

44 

—48 

—44.4 

—85.6 

182 

55.6 

44.4 

40 

4.4 

8.6 

—50 

—45.6 

—86.4 

180 

54.4 

43.6 

38 

8.8 

2.7 

—52 

—46.7 

—87.3 

128 

53.3 

42.7 

86 

2.8 

1.8 

-64 

—47.8 

—88.2 

126 

52.2 

41.8 

84 

1.1 

0.9 

—56 

—48.9 

—39.1 

124 

51.1 

40.9 

82 

0 

0 

—68 

—50 

—40 

123 

50 

40 

8&r 
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Tehper.vtube,  Pressube,  Latent  Heat  and  Weiqbt  of  Amhonia, 

OR  Properties  of  Saturated  Ammonia. 


Temp. 

m  % 

Pressure 

Latent 
Heat 

Volume  In 

Cu.  Ft.  of 

1  Lb.  Vapor 

Volume  In 

Cu-  Ft.  of 

1  Lb.  Liquid 

Weight  of 
1  Cu.  Ft- 

h\ 

Absolute 

Gauge 

Vapor 

—40 

10.69 

—4  01 

579.67 

24.38 

.0234 

.0411 

—85 

12.81 

—2.89 

576  69 

21.32 

.0286 

.(►471 

—80 

14.13 

—  .57 

578.69 

18.69 

.0237 

.0535 

25 

16.17 

1.47 

570.68 

16.44 

.0238 

.0009 

—20 

18.45 

8.75 

567.67 

14  48 

.024 

.069 

—15 

20.99 

6.29 

564.64 

12.81 

.0242 

.0775 

—10 

23.77 

9.07 

56161 

11.86 

.0243 

.088 

—  5 

27.57 

12.87 

558.56 

9.89 

.0244 

.1011 

0 

80.37 

15.67 

'hM  tj 

9.14 

.0246 

.1094 

+  •'5 

84.17 

19.47 

552.43 

8.04 

.0247 

.1243 

10 

38.55 

23.  a5 

549.85 

7.2 

.0249 

.1881 

15 

42.93 

28.28 

546  26 

6.46 

.025 

.1547 

20 

47.95 

83.25 

543  15 

5.82 

.0252 

.1721 

2b 

53.48 

38.78 

540.08 

6.24 

.0253 

.1908 

30 

59.41 

44.71 

586.92 

4.73 

.0254 

.2111 

35 

65.93 

51.23 

533.78 

4.28 

.0256 

.2336 

40 

78. 

58.8 

530.68 

3.88 

.0267 

.2577 

45 

80.66 

65.96 

527.47 

3.58 

.026 

.2882 

50 

88.96 

74.26 

524.8 

8.21 

.02601 

.8115 

55 

97.68 

82.98 

521.12 

2.98 

.02608 

.:M12 

60 

107.6 

92.9 

517  93 

2.67 

.0265 

.8745 

65 

118.03 

103.38 

515.83 

2.45 

.0266 

.4081 

70 

129.21 

114.51 

511.52 

2.24 

.0268 

.4604 

75 

144.25 

126  55 

508.29 

2.05 

.027 

.4978 

80 

154.11 

139.41 

504  66 

1.89 

.0272 

.5291 

85 

167.86 

158.16 

501.81 

1.74 

.0278 

.5747 

90 

182.8 

168.1 

498. 1 1 

1.61 

.0274 

.6211 

95 

198.87 

183.67 

495  29 

1.48 

.0277 

.6756 

100 

215.14 

200.44 

491.5 

1.86 

.0279 

.7358 

105 

232. 98 

218.28 

488.72 

1.29 

.0281 

.7862 

110 

251.97 

237.27 

485.42 

1.2 

.0283 

.8451 

115 

272.14 

257.44 

482.41 

1.12 

.0285 

.9042 

120 

293.49 

278.79 

478  79 

1.04 

.0287 

.9738 

125 

316.16 

301.46 

475.45 

.97 

.0289 

1.172 

130 

840.42 

325.72 

472.11 

.9 

.0291 

1.2218 

185 

365.16 

850.46 

468.75 

.84 

.0293 

1.3212 

140 

392.22 

877.52 

465.89 

.79 

.0295 

1.4108 

145 

420.49 

405. 79 

462.01 

.74 

.0297 

1.4904 

150 

450.2 

4a5.5 

458.62 

.69 

.0299 

1.5896 
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Tablk  of  Calcium  Brikr  Solution. 


Deg. 
Hauni6 

Deg. 
Salom- 

Per  Cent 
Calcium 

OO^F. 

ex«r. 

by  Weight 

0 

0 

0 

1 

4 

.948 

2 

8 

1.886 

8 

12 

2.829 

4 

16 

3.772 

5 

20 

4.716 

6 

24 

5.658 

7 

28 

6.601 

8 

82 

7.544 

9 

36 

8.487 

10 

40 

9.48 

11 

44 

10.373 

12 

4« 

11316 

13 

52 

13.259 

14 

56 

13  202 

15 

60 

14.145 

16 

64 

15.088 

17 

68 

16.081 

18 

72 

16.974 

19 

76 

17.917 

20 

80 

18.86 

21 

84 

19.808 

22 

88 

20.746 

28 

92 

21.689 

24 

96 

22.632 

25 

100 

23.575 

26 

24.518 

27 

25.461 

28 

26.404 

29 

27.847 

80 

28.29 

31 

29  233 

82 

80.176 

88 

31.119 

84 

82.062 

85 

88 

Lb8.per 
Cu.  Ft. 

Lbs. 

per 

Sol. 

Gallon 
0 

0 

1.25 

i 

2.5 

1 

3  75 

J 

5 

i 

6.25 

S 

7.5 

1 

8.75 

li 

10 

11 

1125 

u 

12.5 

11 

13.75 

n 

15 

2 

16.25 

2i 

17.5 

n 

18.75 

2i 

20 

2f 

21.25 

2S 

22.5 

8 

23.75 

8} 

25 

3f 

26.25 

35 

27.5 

8i 

28.75 

8i 

80 

4 

31.25 

4i 

82.5 

4^ 

83.75 

4 

S,") 

4} 

36.25 

4| 

37.5 

5 

38.75 

5i 

40 

5i 

41.25 

5i 

42.5 

5| 

43.75 

5| 

Speiiflc 

Spptitif 
Heat 

Gravity 

1 

1 

1.007 

.996 

1.014 

.9S8 

1.021 

.98 

1.028 

.972 

1.086 

.964 

1.043 

.955 

1.051 

.946 

1.058 

.036 

1.066 

.925 

1.074 

.911 

1.082 

.896 

1.09 

.89 

1.098 

.884 

1.107 

.878 

1.115 

.872 

1.124 

.866 

1.183 

.86 

1.142 

.854 

1.151 

.849 

1.16 

.844 

1.169 

.839 

1.179 

.884 

1.188 

.825 

1.198 

.817 

1.208 

.808 

1.218 

.799 

1.229 

.79 

1.289 

.778 

1.26 

.769 

1.261 

.767 

1.272 

1.288 

1.296 

1.806 

1.818 

Freezing 
I'oint  F. 


32 

31.1 

30.83 

29.48 

28.58 

27.82 

27.05 
26.28 
25.52 
24.26 
22.8 

21.3 

19.7 

18.1 

16.61 

15.14 

13.67 

12.2 

10 

7.5 

4.6 

1.7 

—  1.4 

—  4.9 

—  8.6 
—11.6 

—17.1 

—21.8 

—27. 

—32.6 

—39.2 

—46.3 
—54.4 
—52.5 
—89.2 
—25.2 


Amui. 

Gauge 

Pressure 


47.31 

46.14 

46.14 

44.06 

43 

42.08 

41.17 

40.25 

39.85 

37.9 

36.3 

34.67 
32.93 
31.33 
29.63 
28.35 

27.04 
25.76 
23.  a5 
21.8 
19.43 

17.06 

14.7 

12.2 

9.96 

8.19 

5.22 

2.94 

.65 

l"Vac' 
8.5"  ** 

12 
15 
10 

4 

1.5 
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Table  of  Chix)ridb  of  SoDiau  (Salt)  Bbime. 


Degrees 

ou 
Salom. 

Percent- 
age Salt 
by  Weight 

Pounds 
Salt  per 
Cu.  Ft. 

Pounds 
Salt  per 
Gallon 

Specific 
Gravity 

Specific 
Heat 

Freezing 
Point  FT 

Ammonia 

Gauge 
Pressure 

0 

0 

0 

0 

1 

1 

32 

47.82 

5 

1.25 

.785 

.105 

1.009 

.99 

80.8 

45.1 

10 

2.5 

1.586 

.212 

1.0181 

.98 

28.6 

43.03 

16 

8.75 

2.401 

.821 

1.0271 

.97 

26.9 

41 

20 

5 

8.289 

.488 

1.0863 

.96 

25.2 

88.96 

25 

6.25 

4099 

.548 

1.0455 

.948 

28.6 

87.19 

80 

7.5 

4.967 

.664 

1.0547 

.926 

22 

85.44 

85 

8.75 

5.884 

.78 

1.064 

.909 

20.4 

88.69 

40 

10 

6.709 

.897 

1.0788 

.892 

18.7 

81.93 

45 

11.25 

7.622 

1.019 

1.0828 

.888 

17.1 

80.88 

50 

12.5 

8.542 

1.142 

1.0923 

.874 

15.5 

28.73 

55 

18.75 

9.462 

1.265 

1.1018 

.864 

13.9 

27.24 

60 

15 

10.889 

1.389 

1.1114 

.855 

12.2 

25.76 

65 

16.25 

11.384 

1.522 

1.1218 

.848 

10.7 

24.46 

70 

17.5 

12.387 

1.656 

1.1312 

.842 

9.2 

23.16 

75 

^8.75 

13.396 

1.791 

1.1411 

.835 

7.7 

21.82 

80 

20 

14.421 

1.928 

1.1511 

.829 

6.1 

20.4b 

85 

21.25 

15.461 

2.067 

1.1614 

.818 

4.6 

19.16 

90 

22.5 

16.508 

2.207 

1.1717 

.806 

8.1 

18.2 

95 

23.75 

17.555 

2.347 

1.182 

.795 

1.6 

16.88 

100 

25 

18.61 

2.488 

1.1923 

.788 

0 

15.67 
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REVIEW    QUESTIONS. 


PRACTICAL  TEST  (QUESTIONS. 

In  the  fore^ing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  prinoipleH.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pagas  are  given  a  large  numljer 
of  test  (luestions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  £ngineer*8  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 


REVIEW    QUESTIONS 


Oir    THB    SUBJECT    OF 


MECHANISM. 


1.  An  engine  makes  280  revolutions  per  minute.  If  the 
stroke  is  16  inches,  what  is  the  linear  velocity  of  the  crank  pin  in 
feet  per  second? 

2.  The  pitch  of  a  jack  screw  is  J  inch.  The  length  of  the 
bar  is  4  feet.  What  weight  can  be  lifted  if  the  force  applied  at 
the  end  of  the  bar  is  148  pounds? 

3.  A  worm  of  double  thread  meshes  with  a  worm  wheel 
having  64  teeth.  How  many  revolutions  per  minute  most  the 
worm  have  to  turn  the  wheel  2  times  per  minute? 

4.  A  lever  safety  valve  has  a  lever  30  inches  long.  The 
weight  hung  on  the  end  weighs  24  pounds.  If  the  valve  is  4J 
inches  from  the  fulcrum  and  has  an  area  of  3^  square  inches,  at 
what  pressure  per  square  inch  will  it  blow  off  ? 

Neglect  weight  of  valve,  spindle  and  lever. 

5.  Define  circular  pitch.     Diametral  pitch. 

6.  If  a  gear  has  20  teeth  and  it  is  6  pitch,  how  &r  will 
die  rack  move  in  2^  revolutions  of  the  gear? 

7.  Find  the  piston  speed  in  feet  per  minute  of  an  engine 
making  5.4  revolutions  per  second,  the  stroke  being  18  inches. 

8.  Two  gears  mesh  with  each  other.  They  are  8  pitch. 
If  they  have  40  teeth  and  68  teeth,  respectively,  what  are  the 
diameters  and  how  far  apart  should  the  centers  of  the  shafts  be 
placed? 

9.  The  pitch  circle  of  an  annular  gear  is  36  inches  in  diam- 
eter.  The  spur  gear  meshing  with  it  is  8  pitch  and  has  24 
teeth.  How  many  revolutions  must  the  spur  gear  make  to  turn 
the  annular  gear  13  times  per  minute? 
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10.  A  lever  is  26  inches  long.  A  weight  of  20  pounds  is 
hung  on  one  end.  The  distance  of  this  weight  from  the  fulcrum 
is  11  inches.  What  power  will  be  necessary  to  raise  the  weight 
if  the  distance  from  the  fulcrum  to  the  power  is  15  inches  ? 

11.  Describe  the  Whitworth  quick-return  motion. 

12.  A  worm  of  single  thread  is  in  mesh  with  a  worm  wheel 
having  36  teeth.  A  crank  of  16  inches  radius  is  attached  to  the 
worm  and  a  drum  10  inches  in  diameter  is  fastened  to  the  worm 
wheel.  How  fast  will  the  weight  rise  if  the  crank  is  turned  40 
times  per  minute? 

13.  Suppose  the  press  shown  in  Fig.  32,  page  31,  has  a  hand 
wheel  16  inches  in  diameter.  The  pitch  P  =  J  inch  and  pitch  p 
=  \  inch.  If  80,000  pounds  are  to  be  lifted  what  force  must  be 
applied  to  the  hand  wheel? 

14.  Describe  some  form  of  friction  clutch. 


1000  R. 


15.  In  the  train  of  gears  shown,  A  is  attached  to  the  shaft 
of  a  motor  and  makes  1,000  revolutions  per  minute.  How  many 
revolutions  per  minute  will  gear  D  make? 

16.  If  the  linear  velocity  of  the  rim  of  a  fly  wheel  is  limited 
to  a  mile  a  minute,  how  many  revolutions  are  a;lowable  if  the  fly 
wheel  is  7i  feet  in  diameter? 

17.  A  locomotive  is  running  at  the  rate  of  50  miles  per  hour. 
The  drivers  are  6  feet  in  diameter  and  the  linear  velocity  of  the 
crank  pin  is  24.44  feet  per  second.     What  is  the  length  of  stroke? 

Note.    The  stroke=the  diameter  of  crank-piu  circle. 

18.  What  is  the  pitch  of  a  screw  that  advances  3  inches  in 
24  revolutions? 

19.  What  weight  can  be  raised  by  the  device  described  in 
question  12  if  the  force  applied  to  the  crank  is  110  pounds? 
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20.  In  the  accompanying  sketch,  the  large  stone  weighs  1,248 
pounds.  What  force  must  be  exerted  at  the  end  of  the  lever  to 
move  the  stone? 

Note.    Assume  tliat  4J  per  ccut  of  the  force  necessary  to  lift  the  stone  will  move  it. 


21.  If  a  gear  has  48  teeth  and  the  diameter  of  the  pitch  circle 
is  16  inches,  what  is  the  circular  pitch?  AVhat  is  the  diametral 
pitch? 

22.  A  gear  has  16  teeth  and  runs  800  revolutions,  per  minute. 
How  fast  will  a  gear  meshing  with  it  run  if  it  has  56  teeth? 

23.  The  two  sprocket  wheels  of  a  bicycle  have  8  and  24  teeth, 
respectively.  If  the  wheels  are  28  inches  in  diameter,  how  many 
times  must  the  pedals  turn  while  the  bicycle  is  going  one  mile? 

24.  In  the  above  example,  how  many  turns  per  minute  must 
the  pedals  make  if  the  bicycle  moves  at  a  velocity  of  a  mile  in  58 
seconds? 

25.  What  is  pitch  diameter? 

26.  If  motion  is  desired  along  a  shaft  as  well  as  at  right 
angles  to  a  shaft,  what  kind  of  cam  must  be  used? 

27.  Two  pulleys  are  connected  by  a  leather  belt.  The  driver 
is  keyed  to  a  shaft  making  80  revolutions  per  minute,  and  is  34 
inches  in  diameter.  How  many  revolutions  will  the  driven  pulley 
make  if  it  is  14  inches  in  diameter? 

28.  To  what  class  does  the  lever  of  the  lever  safety  valve 
belong? 
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OK     TRK     BOBJBOX     OF 


THE   STEAM   ENGINE 


1.  What  should  be  the  rim  weight  of  a  cast  iron  fly-wheel 
which  is  15  feet  in  diameter,  if  the  engine  is  of  the  Corliss  type, 
with  an  IS''  X  36 '^  cylinder,  and  runs  at  90  revolutions  per 
minute? 

2.  In  what  way  does  the  action  of  steam  in  the  turbine 
engine  differ  from  the  action  of  steam  in  the  ordinary  reciprocating 
engine  ? 

3.  What  is  the  theoretical  height  of  a  simple  pendulum 
governor  which  makes  65  revolutions  per  minute? 

4.  In  what  way  did  Newcomen  improve  the  steam  engine  ? 

5.  Explain  the  difference  between  the  condensing  and  the 
noncondensing  engine,  and  show  why  the  condenser  increases  the 
power  of  the  engine. 

6.  Describe  two  methods  of  overcoming  the  danger  due  to 
high  rotative  speed  in  the  steam  turbine. 

7.  What  two  principles  did  James  Watt  follow  in  his 
experiments  on  the  steam  engine? 

8.  What  types  of  engines  have  no  fly-wheel?  Why  have 
they  no  fly-wheel  ? 

9.  What  should  be  the  thickness  of  rim  for  a  cast  iron  fly- 
wheel weighing  4,480  pounds ;  the  face  is  12  inches  wide,  and  the 
diameter  of  the  wheel  15  feet? 

10.     Name  some  of  Watt's  inventions  and  improvements  in 
the  steam  engine. 
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11.  What  is  meant  by  compound  and  triple  expanBion 
engines  ? 

12.  What  ic  a  Woolf  engine?  What  is  a  tandem  engine? 
A  cross  compound  ? 

18.  Explain  with  sketch  the  action  of  a  sight-feed  cylinder 
lubricator. 

14.  What  is  the  function  of  a  governor? 

15.  Why  is  not  the  power  given  out  by  an  engine  constant 
during  a  given  time? 

16.  What  are  the  relative  advantages  and  disadvantages  of 
turbine  engines  as  compared  with  reciprocating  engines  ? 

17.  What  is  the  office  of  the  fly-wheel? 

18.  How  does  the  heiglit  of  the  governor  affect  its  sensi- 
tiveness ? 

19.  Why  are  lubricants  used?  Name  the  requisites  of  good 
lubricants. 

20.  Name  the  advantages  of  the  vertical  engine. 

21.  Describe  the  two  kinds  of  governors. 

22.  In  what  two  ways  do  governors  vary  the  work  done  on 
^he  piston? 

23.  How  are  high-speed  engines  oiled? 

24.  Which  class  of  engine  needs  the  larger  fly-wheel,  and 
why,  high  speed  or  low  speed  ? 

25.  Describe  the  direct-acting  steam  pump. 

26.  How  does  the  action  of  the  Buckeye  engine  governor 
in  changing  the  amount  of  steam  admitted  per  stroke  differ  from 
the  action  of  the  straight-line  engine  governor? 

27.  What  are  the  advantages  and  the  principal  disadvan- 
tages of  the  Corliss  engine? 

28.  Name  the  requisites  for  high-speed  reciprocating 
engines. 

29.  Why  do  pumping  engines  usually  have  devices  for 
economy  ? 

30.  Explain  how  the  expansion  of  steam  is  obtained  in  each 
of  the  two  types  of  steam  turbine. 

31.  If  the  height  of  a  simple  pendulum  governor  is  8  inches, 
what  is  the  equivalent  height  if  a  weight  equal  to  1^  times  ths 
weight  of  the  balls  is  added? 
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32.  Why  IB  a  vertical  engine   preferred   to   a   horizontal 
engine  for  marine  work? 

33.  Name,  with  the  uses,  the  pumps  used  on  ship  board. 

34.  What  kind  of  condenser  is  used  in  marine  work  ?  Why  ? 

35.  Why  is  a  locomotive  inefficient  ? 

36.  Describe  the  direct-acting  duplex  pump. 

37.  What  happens  if  a  locomotive  is  not  correctly  balanced  ? 

38.  Explain  why  the  Cornish  pumping  engine  was  famous. 

39.  Are   compound    locomotive  engines   more   economical 
than  single  expansion? 

40.  What  danger  arises  from  using  the   condensed  steam 
from  a  surface  condenser  as  feed  water  for  the  boiler  ? 


618 


REVIE^V    QUESTIONS 


OV    THK     nUBJKOT     OS* 


REFRIGERATION* 


1.  What  is  the  j)riucij)le  upon  which*  the  modem  method 
of  refrigeration  is  based  ? 

2.  AVhy  is  it  desirable  to  nse  a  compressor  ? 

8.  A  sohition  of  chloride  of  sodinni  has  a  specific  t^ravity  of 
I.IOIS.  AVhat  is  the  freezing  ])oint  in  degrees  Fahrenheit,  and 
what  is  its  density  in  degrees  Salometer  ? 

4.  AVhat  do  you  consider  the  most  important  jmrts  of  a 
compressor  ? 

5.  Should  the  clearance  of  a  compressor  be  small  or  great  i 
().     AVhy  is  ammonia  so  generally  used  in  refrigeration  1 

7.  WTiat  is  the  diflFerence  in  the  construction  of  a  discharge 
valve  and  a  suction  valve  ? 

8.  Where  should  the  oil  separator  be  ])laced  ? 

9.  What  is  the  difference  between  the  direct-expansion 
pvstem  and  the  brine  system  i 

10.  What  should  be  the  displacement  in  the  compressor  for 
a  seven -ton  machine  ? 

11.  If  a  Fahrenheit  thermometer  in  a  room  indicates  a  tem- 
])erature  of  38  degrees,  what  would  be  the  reading  of  a  Centigrade 
thermometer  ? 

12.  What  tempt*rature  (Fahrenheit)  would  be  indicated  by  a 
thermometer  placed  in  an  open  vessel  of  liquid  ammonia  i  What 
would  be  the  temperature  Reaumer  ? 

13.  Why  is  it  important  to  have  the  spring  of  the  discharge 
valve  correctly  adjusted  { 

li.  AVhat  kind  of  valve  is  best  adapted  for  regulating  the 
flow  of  ammonia  ( 
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15.  What  are  purge  valves  ?    Where  are  they  placed  ? 

16.  Change  20  degrees  Fahrenheit  to  degrees  Reaumer. 

17.  For  what  purpose  is  brine  used !  Describe  the  two 
principal  types  of  brine  tanks. 

18.  What  percentage  of  chloride  of  calcium  by  weight  must 
be  used  to  obtain  a  solution  of  16  degrees  Baume  ?  Temperature 
60  degrees  F. 

19.  Describe  briefly  the  method  of  testing  the  plant. 

20.  Name  the  principal  apparatus  used  in  mechanical  refrig- 
eration. 

21.  What  advantage  does  chloride  of  calcium  have  over 
chloride  of  sodium  ?  Under  what  conditions  should  the  calcium 
brine  be  used  ? 

22.  What  is  the  specific  gravity  of  a  calcium  brine  solution  at 
60  degrees  Fahr.,  if  the  hydrometer  indicates  17  degrees  Baume? 

23.  Why  must  the  brine  be  maintained  at  the  proper  density  ? 

24.  State  briefly  the  function  of  the  evaporation  of  the 
ammonia. 

25.  Why  is  the  ammonia  gas  passed  through  a  condenser  ? 

26.  How  can  the  leakage  of  ammonia  be*  detected  in  a  sub- 
merged condenser  ? 

27.  Describe  a  good  form  of  joint  for  ammonia  piping. 

28.  State  the  advantage  of  the  atmospheric  type  of  con- 
denser. 

29.  How  many  square  feet  of  surface  should  be  placed  in  a 
brine  tank  for  a  plant  of  20  tons  of  refrigerating  capacity  ?  What 
should  be  the  capacity  (approximate)  of  the  above  tanks  ? 

30.  Describe  briefly  the  construction  of  a  double-pipe  con- 
denser. 

81.  What  is  the  difference  between  the  compression  and  the 
absorption  systems  ? 
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